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1 .  Introduction 

The  Subject:  Assaying  of  autoantibodies  against  neuronal  and  glial  proteins  in  veterans  with  Gulf  War 
Illness  (GWI)  using  Western  blot  and  ELISA  assays.  PURPOSE:  Development  of  peripheral  biomarkers  for 
GWI.  Scope  of  the  Research:  Serum  and  plasma  from  250  Gulf  War  veterans  with  GWI  and  200  controls 
(100  healthy  GW  veterans,  50  chronic  fatigue  syndrome  (CFS)  and  50  irritable  bowel  syndrome  (IBS)  will 
be  included  in  the  study. 

2.  KeyWords 

Gulf  War  Illness  (GWI)  Microtubule  Associated  Proteun-2  (MAP-2),  tubulin,  Neurofilament  proteins  (NFP), 
tau  myelin  basic  protein  (MBP),  Myelin  Associated  Glycoprotein  (MAG),  CaMKII,  alpha-synuclein,  GFAP, 
S100B,  Western  Blot,  ELISA,  chronic  fatigue  syndrome  (CFS),  irritable  bowel  syndrome  (IBS) 

3.  Accomplishments 

•  What  were  the  major  goals  of  the  project? 

o  The  major  goals  of  the  project  as  stated  in  the  approved  SOW  are  listed  in  the  table  below. 
Milestones/target  dates  for  important  activities  or  phases  of  theses  dates  and  actual  completion 
dates  are  listed  in  the  table  below. 

•  What  was  accomplished  under  these  goals? 

o  The  table  lists  the  proposed  goals  and  dates  to  accomplish  and  the  actual  dates  that  these  goals 
were  accomplished  during  the  first  24-month  period 


Tasks 

Timeline 

Task  1:  Obtain  Regulatory  Reviews  and 
Approvals 

Planned  Months 

Actual  Months 

la.  Obtain  necessary  IRB  approvals  or  Exempt 
status 

1-3 

1-4 

lb.  Obtain  DOD  Human  Research  Protections 
Office  (HRPO)  approvals  or  Exempt  Status 

1-3 

1-4 

Milestone(s)  Achieved:  Regulatory  reviews 

completed  and  final  approval  obtained  for  study 

1-3 

1-4 

Task  2:  Obtain  Stored  Blood  Serum  and  CSF 
samples  from  3  biorepositories  for  analysis. 

Months 

Proposed  2a:  100  GWI  and  50  IBS  serum 
samples  shipped  from  Site  5  to  Duke  and  NIH  for 
analysis. 

4-6 

Actual  2  a:  100  GWI  and  50  IBS  plasma  samples 

6-8 

shipped  from  Site  5  to  Duke  and  NIH  for  analysis 
Actual  2a:  Adapting  western  blot  for  plasma 
samples 

Actual  2a:  Beginning  analysis  of  all  plasma 
samples  from  100  GWI  and  50  controls. 

10-11 

10-12 

3 


Proposed  2b:  50  GWI  and  50  healthy  GW 
veteran  controls  and  50  CFS  control  serum 
samples  shipped  from  site  4  to  Duke  and  NIH  for 
analysis. 

Actual  2b:  Plasma  samples  received  from  NOVA 
University: 

1.  50  CFS  samples  (site  4) 

2.  26  healthy  GW  control  samples  (site  4) 

3.  68  GWI  samples  from  site  1  (Boston  GWIC) 

4-9 

12 

4.  50  IBS  samples  from  site  5  (BIDMC) 

5.  Gulf  War  Illness  (GWI)  -  100  samples 

6.  Irritable  Bowel  Syndrome  (IBS)  -  50  sample 

10 

14 

^Proposed  2c:  100  GWI  and  50  healthy  GW 
veteran  control  serum  samples  shipped  from  site 

1  to  Duke  and  NIH  for  analysis. 

10-22 

Actual  2c:  Plasma  samples  from  Site  4  (NOVA) 
Received  were: 

Gulf  War  Illness(GWI)  -  68  samples 
(Total  GWI  (68  +  100  =  168) 

12 

16 

Chronic  Fatigue  Syndrome  (CFS)  -  50  samples 

Healthy  Control  -  26  samples 

Proposed  *2d:  25  GWI  and  25  healthy  GW 
veteran  control  CSF  samples  shipped  from  site  1 
to  NIH  for  analysis 

22-24 

Actual  2d:  CSF  samples  still  being  collected  at 
site  1  so  not  shared  yet. 

Milestone(s)  Achieved:  Site  1, 4  and  5  serum  and 
CSF  data  collected  and  set  up  for  laboratory 
assays  (ELISA,  western  blot).  Autoantibody  data 
shipped  to  analyzing  labs  from  250  GWI  veterans 
and  200  controls  (100  healthy  and  100  diseased 
controls)  blood  serum  samples  and  50  CSF  (25 
GWI,  25  control)  samples. 

3-24 

Samples  were  shipped  to 
Duke  lab  for  analysis 
from  three  sites  including 
294  samples  (168  GWV; 
50  IBS;  50  CFS) 

Task  3:  Perform  Serum  Assays 

Months 

3a:  Perform  western  blot  analyses  for 
autoantibodies  to  CNS  proteins  in  GWI  cases  and 
control  samples. 

4-24 

22 

3b:  Perform  ELISA  analyses  for  Neurofascin  155 
CNS  marker  in  serum  samples  from  GWI  cases 
and  controls. 

3-24 

4 


Milestone(s)  Achieved:  Autoantibodies  for  CNS 
proteins  of  myelinogenesis,  astrogliogenesis  and 
neurogenesis  data  analyzed  from  three 
biorepository  sites. 

9-24 

294  autoantibodies  run 
for  9  CNS  markers. 
Currently  being  merged 
with  demographic 

datasets  for  further 

analysis. 

Task  4:  Perform  CSF  Assays 

Months 

4a:  Perform  ELISA  assays  of  50  CSF  samples  for 
neurofascin  155  biomarker. 

22-24 

Not  completed  yet 

because  CSF  still  being 
collected  at  site  1 . 

4b:  Merge  CSF  outcome  data  with  clinical 
neuroimaging,  TBI  and  exposure  data. 

24-27 

Milestone(s)  Achieved:  Antibody  for 

neurofascin  155  marker  data  analyzed  and 
merged  with  clinical  outcome  data  from  GWIC 
biorepository  site. 

24-27 

Task  5:  Merge  Data  and  Perform  Interim 
Data  analyses 

Months 

Proposed  5a:  Merge  clinical  dataset  from  sites  1, 
4,  5  case/control  status  and  demographics  with 
results  from  laboratory  analyses  performed  at 
NIH  and  Duke. 

10-24 

18-24 

Actual  5a:  Case/control  status  merged  with 
autoantibody  results  for  GWI,  CFS,  IBS  groups. 
Abstracts  submitted.  Merging  with  other 
demographics  still  being  conducted. 

Proposed  5b:  Data  analysis  of  interim  ELISA 
and  western  blot  results  of  autoantibodies  in  GWI 
cases  and  controls  (healthy  and  diseased  groups) 
with  merged  clinical  datasets. 

18-24 

Actual  5b:  Merging  is  still  ongoing  with  clinical 
datasets. 

Proposed  5c:  Discussion  of  results  and 
preparation  of  abstracts  for  presentations  at 
national  meetings  and  initial  manuscript  for 
publication. 

18-24 

22 

A  meeting  held  in  Boston 
University  on  August  23, 
2007. 

Actual  5c:  In  person  meeting  held  in  Boston  on 
August  23,  2007  where  results,  presentations  and 
abstracts  were  planned.  Third  year  plans  were 
discussed. 

5 


Proposed  5d.  Annual  reports  of  progress  will  be 
written. 

12-24 

12,  24 

Actual  5d.  Two  yearly  progress  reports  submitted 
on  October  23,  2017. 

Milestone(s)  Achieved: 

Preliminary  analysis  of  results  and  presentation  of 
initial  results  at  scientific  meetings  and  potential 
publication. 

Actual:  3  abstracts  accepted  for  scientific 
meetings,  1  paper  published  to  date,  two  more  in 
preparation. 

18-24 

18-24 

Possible  biomarker  selection  for  GWI  and 
recommendations  for  treatment  development. 

Milestone  Achieved: 

o  Determination  of  autoantibodies 
against  neural  proteins  in  veterans 
of  the  Gulf  War  who  have  Gulf 
War  Illness  (GWI),  GW  controls, 
CFS  and  IBS  symptomatic 
controls. 

Milestone  Achieved: 

Development  of  ELISA  assay  for  all  neural 
proteins  that  we  assay  as  biomarkers  for  nerx’ous 
system  injury 

Task  6:  Perform  Final  Data  analyses  and 
Prepare  Manuscripts  for  Publication 

Months 

6a:  Merge  clinical  datasets  for  neuroimaging, 
blood  and  genetic  biomarkers,  brain  injury  and 
exposure  history  with  GWI  cases  and  controls. 

25-30 

6b:  Perform  Data  analysis  comparing  ELISA  and 
western  blot  autoantibodies  outcomes  in  GWI 
cases  and  controls  with  merged  clinical  datasets 
for  neuroimaging,  blood  and  genetic  biomarkers, 
brain  injury  and  exposure  history. 

25-30 

6c:  Discuss  results  of  data  analyses  and  prepare 
abstracts  for  DOD  and  other  scientific  meetings. 

25-32 

6d:  Preparation  of  manuscripts 

•  Diagnostic  CNS  Autoantibody 

Biomarkers  for  GWI 

•  Biomarkers  for  Gulf  War  patients  with 
chronic  fatigue  syndrome  (CFS)  and 
others  with  Irritable  Bowel  Syndrome 
(IBS),  OP  pesticide  and  nerve  agent 
exposures  in  GW  veterans 

•  Biomarkers  of  prior  brain  injury  in  GW 
veterans  against  their  combination, 

25-36 
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6e:  Final  report  of  progress  will  be  written. 

35-36 

Milestone(s)  Achieved: 

Analysis  of  all  study  results,  presentation  of 
results  at  scientific  meetings,  submitted 
publication  and  final  report  in  progress. 

Possible  diagnostic  biomarker  selection  for 
GWI,  brain  injury  and  deployment-related 
exposures  and  potential  recommendation  for 
treatment  development. 

35-36 

*  Serum  and  Cerebrospinal  Fluid  (CSF)  samples  will  be  collected  as  part  of  the  ongoing  Boston  GWI 
consortium  study  and  will  be  sent  to  NIH  and  Duke  study  sites  as  the  samples  are  added  to  the  GWIC 
biorepository.  These  samples  will  all  be  collected  by  month  24  of  the  current  study. 


•  What  was  accomplished  under  these  goals? 

o  Major  activities:  Sending  blood  samples  from  nearly  300  GWV  and  symptomatic  controls 
from  three  study  sites  to  Duke  Laboratory  for  analysis.  It  was  determined  during  early 
discussions  with  other  co-investigators  that  more  plasma  than  serum  was  available  at  the  study 
sites.  So  a  large  aim  of  this  period  was  to  adapt  the  Western  blot  assay  of  autoantibodies  from 
serum  samples  to  plasma  samples  that  way  both  could  be  used  in  this  study  and  importantly 
in  other  validation  studies  and  clinical  assessments  in  the  future, 
o  Determination  of  autoantibodies  against  neural  proteins  in  veterans  of  the  Gulf  War  who  have 
had  Gulf  War  Illness  (GWI),  GW  veteran  healthy  controls,  Chronic  Fatigue  Syndrome  (CFS) 
and  Irritable  Bowel  Syndrome  (IBS)  symptomatic  control  groups  have  been  completed, 
o  Development  of  ELISA  assay  for  all  neural  proteins  that  we  assay  as  biomarkers  for  nerx’ous 
system  injury, 
o  Specific  objectives: 

■  We  established  Western  blot  analysis  for  autoantibodies  against  neural  proteins  in 
plasma  samples  from  GWI  subjects  and  from  controls  similar  to  our  original  method 
in  serum  samples  from  a  small  pilot  study. 

■  Quantitative  measurement  of  neuronal  autoantibodies  by  ELISA  in  the  sera  of  patients 
with  Gulf  War  Illness  (GWI). 

o  Significant  results:  These  results  now  allow  performing  autoantibody  assays  not  only  in 
serum  but  also  in  plasma.  There  is  a  considerable  advantage  because  many  specimens  from 
GW  veterans  are  collected  and  processed  as  plasma  not  serum  and  other  stored  samples  could 
now  be  used  for  this  purpose  and  repeated  by  other  laboratories, 
o  Other  achievements.  Currently,  we  have  adapted  our  autoantibodies  assays  against  neural 
proteins  to  ELISA  assays.  This  will  give  another  dimension  in  assaying  large  number  of 
samples  to  these  biomarkers.  Furthermore,  the  development  of  ELISA  assay  for 
autoantibodies  will  allow  faster  performance  of  assays  and  provide  more  quantitative  results 
that  are  easily  reproducible. 

o  In  addition  to  GWI,  some  veterans  also  have  other  conditions  such  as  CFS  and  IBS.  We 
carried  out  a  study  to  compare  biomarkers  for  GWI,  CFS  and  IBS.  The  results  showed  that 
patients  with  CFS  and  IBS  had  lower  levels  of  autoantibodies  (AA)  against  fewer  neural 
proteins,  indicating  that  the  levels  of  AA  against  neural  proteins  in  these  patients  were  lower 
than  those  seen  in  veterans  with  GWI.  This  suggests  that  GWI  can  be  distinguished  from  CFS 
and  IBS  groups  if  this  finding  is  replicated  in  the  larger  study  sample. 

•  Development  of  ELISA  Method  to  detect  neural  autoantibodies 

Multiplex  Enzyme  linked  Immunosorbent  assay  (ELISA)  was  performed  by  coating  wells  of  Nunc 
Immuo-plates,  96-well,  microtiter  plates  (ThermoScientific,  Rochester,  NY)  with  100-500  ng/well  of 
purified,  human  recombinant  proteins  expressing  specific  neural  proteins  viz.,  MAPT,  S100B,  NSE, 
GFAP,  Tubulin,  MAG,  NEF,  CaMklla,  CaMkII5  and  MAP-2.  The  optimal  dilution  of  the 
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recombinant  protein,  sera  (serum  obtained  from  GWV)  and  secondary  detection  antibody  was 
determined  by  a  checkerboard  titration  that  gave  the  highest  signal  to  noise  ratio  to  determine  the 
optimum  concentration  of  protein,  sera  and  secondary  antibody.  In  addition,  a  single  lot  of  antibody 
directed  against  these  proteins  were  used  to  generate  quality  control  standards  that  gave  high  and  low 
optical  density  (high  OD  =  2.0  to  2.5;  low  OD  =  0.5  to  1 .0;  and  negative  OD  <  0.2).  Briefly,  the  assay 
was  performed  by  diluting  the  recombinant  proteins  in  15  mM  sodium  carbonate-35  mM  sodium 
bicarbonate-  antigen  coating  buffer  (ACB)  pH  9.6.  The  plates  were  incubated  overnight  at  4°C,  then 
washed  3  times  (3x)  with  PBS  plus  0.05  %  tweenio  (PBST).  Each  well  was  then  blocked  with  200  pi 
of  sample  buffer  (SB)  (PBST  plus  5  %  BSA)  and  allowed  to  incubate  at  room  temperature  for  3  hrs. 
Test  and  control  sera  were  diluted  at  1 :200  in  SB,  thorough  mixed  and  lOOpl  was  added  to  each  well, 
left  to  incubate/bind  at  4°C  overnight  on  a  plate  shaker.  The  unbound  sera  in  the  wells  were  washed 
3x  and  secondary  antibody  (HRP  conjugated  anti-human  IgG)  was  added  at  a  concentration  of 
200ng/ml  (Jackson  laboratory,  MA)  diluted  in  SB  and  incubated  at  20-22°C  for  1  hour.  The  plate  was 
then  washed  5x  and  developed  with  3,3 ',5,5'-  tetramethylbenzidine,  peroxidase  substrate  (TMB  - 
Invitrogen  and  incubated  in  dark  until  the  positive  control  attained  a  standard  OD.  The  reaction  was 
stopped  using  2N  H2SO4.  Colorimetric  development  was  quantified  spectrophotometrically  at 
450  nm  with  a  Clariostar  (BMG  plate  reader,  Germany)  using  BMG  software  powered  by  Matlab 
programming.  The  raw  data  were  normalized  by  subtracting  the  blank  values.  Sample  to  Positive 
(S/P)  ratios  were  calculated  using  the  following  formula:  S/P  =  optical  density  (OD)  of  sample  -  OD 
of  buffer/OD  of  positive  control  -  OD  of  buffer.  Total  IgG  levels  were  determined  by  quantitating 
IgG.  We  also  used  transferrin  as  a  serum  control.  All  the  individual  values  were  normalized  to  total 
IgG  and  transferrin.  Final  statistical  analysis  was  performed  using  Matlab  and  by  R. 

Presented  below  are  the  results  of  an  ELISA  assay  of  autoantibodies  against  GFAP  and  MBP 


1.8  j 
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The  results  are  from  3  GWI  veterans  (pl-p3)  and  a  healthy  GW  veteran  (cl-c3) 

•  Western  blot  assay  of  Autoantibodies  against  Neural  Proteins 

a.  Materials  and  Methods 
Materials 

The  sources  of  standard  proteins  were  the  same  as  previously  published  (Abou-Donia  et  al.,  2013, 
2017). 

b.  Case  and  control  Samples 

Serum  samples  from  20  GWI  cases  with  GWI  and  10  controls  were  tested  in  this  experiment. 

c.  Western  Blot  Assay 

To  screen  for  the  presence  of  autoantibodies  against  a  battery  of  proteins  in  plasma  samples,  we 
applied  a  Western  blot  approach  as  previously  reported  (Abou-Donia  et  al.,  2013,  2017).  Each  serum 
sample  was  analyzed  in  triplicate.  Each  protein  was  loaded  as  10-100  ng/lane  except  for  IgG  that  was 
loaded  as  100  ng/lane.  Proteins  were  denatured  and  electrophoresed  in  SDS-PAGE  (4%  to  20% 
gradient)  purchased  from  Invitrogen  (Life  Technology  Corporation,  ThermoFisher,  Grand  Island, 
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NY,  USA).  One  gel  was  used  for  each  serum  sample.  The  proteins  were  transferred  into 
polyvinylidene  fluoride  (PVDF)  membranes  (Amersham  Pharmacia  Biotech  Piscataway,  New 
Jersey).  Nonspecific  binding  sites  were  blocked  with  Tris-buffered  Saline-Tween  (TBST)  (40  mM 
Tris  [pH  7.6],  300  mM  NaCl,  and  0.1%  Tween  20)  containing  5%  non-fat  dry  milk  for  1  h  at  22°C. 
Membranes  were  incubated  with  plasma  samples  at  1:100  dilutions  in  TBST  with  3%  non-fat  dry 
milk  overnight  at  4°C.  After  five  washes  in  TBST,  the  membranes  were  incubated  in  a  1:2000 
dilution  of  horseradish  peroxidase-conjugated  goat  anti-human  IgG  (Amersham  Pharmacia  Biotech 
(Piscataway,  New  Jersey).  The  membranes  were  developed  by  enhanced  chemiluminescence  using 
the  manufacturer’s  (SuperSignal  West  Femto  Maximum  Sensitivity  Substrate  by  ThermoFisher 
Scientific  Cat.  No.  34096)  protocol  and  a  Typhoon  8600  variable  mode  imager.  The  signal  intensity 
was  quantified  using  Bio-Rad  image  analysis  software  (Hercules,  California).  All  tests  were 
performed  with  the  investigators  blinded  to  participant  diagnosis. 

Results 

a.  Our  preliminary  results  analyzing  the  current  plasma  samples  are  consistent  and  confirm  the  results 
of  our  preliminary  studies  using  serum  samples. 

b.  ELISA  assay  using  the  same  samples  are  being  analyzed  and  are  showing  promising  results  for  future 
use. 

•  What  opportunities  for  training  and  professional  development  has  the  project  provided? 

Professional  development.  The  results  of  studies  that  were  generated  in  this  project  were  presented 
in  a  national  meeting  and  an  international  meeting: 

1.  The  Annual  Meeting  of  the  Society  of  Toxicology  (SOT),  March  2016,  New  Orleans:  A  poster  of 
the  results  was  presented. 

2.  The  International  Neuropsychological  Society  (INS)  annual  mid-summer  meeting,  July  2016, 
London  UK;  an  oral  presentation  was  given  as  part  of  an  invited  symposium  on  Gulf  War  Illness. 

3.  The  Annual  SOT,  March  2017,  Baltimore,  MD:  A  poster  was  presented  (see  Appendix). 

4.  Two  additional  posters  will  be  presented  at  SOT  meeting  in  San  Antonio,  TX  in  March  2018. 

•  How  were  the  results  disseminated  to  communities  of  interest? 

o  Our  results  were  discussed  with  many  interested  scientists  during  both  the  SOT  and  INS 
meetings. 

o  A  symposium  on  Gulf  War  Illness  took  place  in  London  during  the  International 
Neuropsychological  Society  mid-year  meeting  last  July,  during  which  results  from  this  project 
and  several  other  related  projects  were  presented  and  stirred  intense  interests. 

o  We  published  our  first  manuscript  of  CNS  autoantibodies  in  the  Journal  Neurotoxicology  and 
Teratology  (see  attached  and  below)  we  were  also  publicized  in  a  local  media  story  at 
https://www.bu.edu/sph/2017/03/29/identifying-biomarkers-of-gulf-war-illness 
Abou-Donia  MB,  Conboy  LA,  Kokkotou  E,  Jacobson  E,  Elmasry  EM,  Elkafrawy  P,  Neely 
M,  Bass  CR,  Sullivan  K.  Screening  for  novel  central  nervous  system  biomarkers  in  veterans 
with  Gulf  War  Illness.  Neurotoxicol  Teratol.  2017  May;  61:36-46.  PMID:  28286177. 

•  What  do  you  plan  to  do  during  the  next  reporting  period  to  accomplish  the  goals? 

o  We  plan  to  attend  appropriate  National  and  International  meetings  to  present  our  results  from 
this  project. 

o  lAnnual  Meeting  of  the  Society  of  Toxicology,  March  2018,  San  Antonio,  TX.  Two  abstracts 
have  been  submitted  for  poster  presentations. 

o  We  plan  to  submit  other  manuscripts  of  preliminary  results  from  the  case-control  and  exposed 
vs  non-exposed  groups  and  the  new  ELISA  method  during  the  next  reporting  period. 

4.  Impact 

•  What  was  the  impact  on  the  development  of  the  principal  discipline(s)  of  the  project? 
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o  Our  studies  have  focused  on  the  development  of  sensitive,  specific,  reproducible,  and  non- 
invasive  blood  biomarkers  of  GWI.  Identifying  objective  biomarkers  of  GWI  helps  the 
veteran  and  the  treating  clinicians  who  must  now  rely  on  self-report  of  symptoms  as  the 
primary  diagnostic  marker.  The  advantage  of  a  blood-based  biomarker  is  that  it  can  diagnose 
GWI  with  greater  accuracy  and  with  only  a  few  drops  of  blood.  Our  initiative  to  validate  both 
serum  and  plasma  for  these  potentially  diagnostic  autoantibodies  will  make  diagnosing  GWI 
and  validating  it  with  other  stored  blood  samples  from  GWI  even  easier  because  it  will  not  be 
limited  by  just  one  type  of  blood  product. 

o  The  results  of  the  study  can  be  applied  immediately  to  treatment  development  strategies  for 
the  veterans  of  the  Gulf  War.  Based  on  the  CNS  autoantibodies  we  ultimately  find,  this  will 
provide  the  opportunity  to  develop  drugs  that  treat  neuronal  injury  in  those  specific  pathways 
(neuronal,  glial  etc.,);  such  treatment  could  be  directly  applicable  to  Gulf  War  veterans  in  the 
short-term. 

o  Our  first  publication  provides  the  CNS  autoantibodies  that  we  will  attempt  to  validate  in  our 
larger  study  sample  and  target  for  treatment  development  planning. 

What  was  the  impact  on  other  disciplines? 

o  A  major  advantage  of  our  peripheral  marker  is  that  it  is  specific  for  neural  injury  irrespective 
of  the  cause,  thus  it  can  be  applied  to  diagnose  or  confirm  diagnosis  of  other 
neurodegenerative  diseases  such  as  Alzheimer’s  disease  and  Parkinson’s  disease.  However, 
the  pattern  of  the  specific  markers  elevated  can  be  different  with  different  disease  states  and 
thus  can  be  useful  diagnostically  once  validated  in  different  disorders.  For  example,  we  have 
recently  found  different  patterns  of  CNS  autoantibodies  in  CFS,  IBS  and  GWI  that  we  will 
report  further  in  a  publication. 

o  Blood-based  biomarkers  of  GWI  provide  an  effective  way  to  enhance  its  management 

■  It  can  be  used  as  a  diagnostic  and  prognostic  tool  with  the  ability  to  provide 
information  about  rate  of  disease  progression. 

■  It  would  help  in  identification  of  novel  and  effective  treatments  for  multiple  disorders 
and  environmental  exposure  groups  (i.e.  pesticides,  nerve  agents). 

■  It  could  be  used  for  monitoring  therapeutic  efficacy  for  the  benefit  of  patients  and 
caregivers. 

■  It  could  be  used  to  follow-up  treatment  plans  of  the  patient 

■  It  could  provide  a  cost-savings  potential  for  recruitment  into  clinical  trials. 

What  was  the  impact  on  technology  transfer? 

o  The  biomarker  that  we  developed  is  cost  effective,  will  be  made  available  to  clinical 
laboratories  and  recommended  for  routine  screening  procedure. 

What  was  the  impact  on  society  beyond  science  and  technology? 

o  Our  peripheral  biomarker  should  improve  the  quality  of  life  for  the  veterans  of  the  GW  who 
have  GW  illness  because: 

■  Upon  their  returning  from  the  GW  theater  operations  in  1991,  their  subjective 
complaints  could  not  be  diagnosed  and  they  were  told  that  their  complaints  were  “all 
in  their  heads”.  Our  biomarker  should  confirm  brain  injury  that  is  consistent  with  their 
complaints.  Such  consequence  should  give  them  a  peace  of  mind. 

Our  biomarker  should  lead  studies  to  develop  treatment  for  brain  injury  that  would  provide 
improvement  of  their  clinical  condition. 

The  hallmark  of  Gulf  War  Illness  (GWI)  is  neuroinflammation,  neural  cell  death  in  specific  regions 
of  the  brain  and  possible  progressive  neurodegeneration.  A  challenging  aspect  of  GWI  is  that  it  has 
been  difficult  to  diagnose  with  objective  biomarkers  because  organophosphate  pesticides  and  nerve 


agents  do  not  stay  in  the  body  and  CNS  the  same  way  that  other  exposures  do  (i.e.  Agent  Orange, 
depleted  uranium,  lead,  and  mercury).  Therefore,  researchers  have  had  to  develop  markers  of  damage 
from  these  chronic  exposures  rather  than  markers  of  the  exposure  or  their  bi-products.  If  successful, 
this  work  will  impact  neurotoxicant  exposed  individuals  including  agricultural  workers,  pesticide 
applicators  and  nerve  gas  exposed  groups  by  providing  objective  inexpensive  markers  of  chronic 
damage  relating  to  these  exposures  that  can  be  conducted  virtually  anywhere  that  a  simple  blood  draw 
can  be  obtained  and  analyzed.  Other  current  diagnostic  practices  including  neuroimaging  techniques, 
behavioral  history  assessments,  and  neuropsychiatric  tests  have  drawbacks  of  not  being  practical  or 
available  in  other  parts  of  the  world  but  a  simple  blood  test  could  provide  objective  diagnostic  markers 
in  the  most  cost-effective  way. 

5.  Changes  for  approach  and  reasons  for  change 

o  Changes:  serum  to  plasma  samples 

Our  original  studies  in  determining  autoantibodies  in  blood,  used  serum  samples  from  GWI 
cases  and  symptomatic  controls.  However,  it  was  determined  that  our  co-investigators  had 
plasma  available  than  serum.  Therefore,  we  carried  out  experiments  to  establish  the  validity 
of  our  assay  using  plasma,  as  stated  above  under  ‘Accomplishments’,  we  showed  that  the 
results  from  plasma  samples  were  identical  to  those  of  serum  samples.  This  was  a  big 
accomplishment  that  either  plasma  or  serum  can  be  used  for  these  analyses  because  all  other 
major  studies  of  GWI  with  either  serum  or  plasma  samples  could  potentially  validate  our 
findings  with  their  own  samples. 

o  Problems: 

None 

•  Actual  or  anticipated  problems  or  delays  and  actions  or  plans  to  resolve  the  techniques 

o  We  have  been  slightly  delayed  in  getting  CSF  samples  for  analysis  because  the  GWIC  is  still 
obtaining  them  but  there  should  not  be  a  long  delay  before  they  are  ready  for  sharing. 

•  Changes  that  had  significant  impact  on  expenditures 

o  None 

•  Significant  changes  in  use  or  care  of  human  subjects,  vertebrate  animals,  biohazards,  and/or  select 
agents: 

o  Significant  changes  in  use  or  care  of  human  subjects:  None 

o  Significant  changes  in  use  or  care  of  vertebrate  animals:  None 

o  Significant  changes  in  use  of  biohazards,  and/or  select  agents:  None 

6.  Products 

•  Publications,  conference  papers,  and  presentations 

o  Journal  Publications 

•  Abou-Donia  MB,  Conboy  LA,  Kokkotou  E,  Jacobson  E,  Elmasry  EM,  Elkafrawy  P,  Neely  M,  Bass 
CR,  Sullivan  K.  2017.  Screening  for  novel  central  nervous  system  biomarkers  in  veterans  with  Gulf 
War  Illness.  Neurotoxicol  Teratol. 6 1:36-46.  See  attachment  1. 

o  Books  or  other  non-periodicals,  one-time  publications 

■  None 

o  Other  publications,  conference  papers,  and  presentations 

■  A  poster  was  presented  during  the  annual  Society  of  Toxicology  Meeting  at  Baltimore, 
MD  entitled: 
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“A  Pilot  Study  of  Novel  Brain  Neurodegenerative  Biomarkers  in  Veterans  with  Gulf 
War  Illness:  M.  B.  Abou-Donia1,  K.  Sullivan  2,  L.  A.  Conboy3,  E.  Kokkotou4-  and  E. 
M,  El-Masry5  'Duke  University  Medical  Center,  Durham,  NC,  2  Boston  University 
School  of  Public  Health,  Boston,  MA,  3Harvard  Medical  School,  Boston,  MA,  4 
Harvard  Medical  School.  Boston,  MA  ; 5  Zagazig  University,  Zagazig,  Egypt” 

o  Other  products 

•  Website(s)  or  other  Internet  site(s) 

•  None 

•  Technologies  or  techniques 

•  None 

•  Other  products 

•  None 

7.  Participants  &  other  Participating  Organizations 


Site  1:  Boston  University  School  of  Public  Health 
715  Albany  Street,  T4W 
Boston,  MA  02118 
Initiating  PI:  Dr.  Kimberly  Sullivan 
Co-I:  Dr.  Joseph  Massaro 
Co-I:  Dr.  Maxine  Krengel 
Tasks  1-6 

Site  3:  National  Institutes  of  Health,  NICHD 
Bldg.  35,  Room  2A211,  MSC  3713 
35  Lincoln  Drive 
Bethesda,  MD  20892 

Site  PI:  Dr.  R.  Douglas  Fields 
Co-I:  Dr.  Dipankar  Dutta 
Tasks  2-6 


Duke  University  Medical  Center 
Durham,  North  Carolina  27710 
Partnering  PI:  Dr.  Mohamed  Abou  Donia 
Co-I:  Dr.  Cameron  R.  ‘Dale”  Bass 
Tasks  2, 3, 5, 6 


Blood  Serum  and  CSF  Biorepository  Sites 
Site  4:  NOVA  Southeastern  University 
Ft.  Lauderdale,  FL 
Co-I:  Dr.  Nancy  Klimas 
Tasks  1,2,  5,  6 

Site  5:  Beth  Israel  Deaconess  Medical  Ctr. 
Boston,  MA  02118 
Consultant:  Dr.  Efi  Kokkotou 
Consultant:  Dr.  Lisa  Conboy 
Tasks  1,2,  5,6 


Study  Sites  Responsibilities 

Site  1:  Dr.  Sullivan  and  her  BUSPH  team  will  be  responsible  for  providing  the  serum  blood  and  cerebrospinal 
fluid  samples  from  GWIC  study  participants  who  have  agreed  to  share  their  specimens  with  the  GWIC 
biorepository  to  be  used  in  future  studies  including  the  proposed  study.  Specifically,  she  will  oversee  the 
recruitment  and  blood  draws/lumbar  punctures  of  study  participants  from  the  GWIC  study  and  the  processing 
of  serum  and  CSF  samples  that  will  be  shared  for  the  proposed  study.  Dr.  Sullivan  will  also  assist  with  the 
experimental  design,  data  analysis,  interpretation  and  presentation  of  study  results  in  collaboration  with  Dr. 
Abou  Donia  and  the  other  study  investigators.  Tasks  1-6 

Site  2:  Dr.  Abou-Donia  will  be  responsible  for  receiving  the  serum  and  plasma  samples  from  all  sites  and 
performing  autoantibody  analyses  using  western  blot/ELISA  analyses  for  450  serum  samples  (250  GWI,  200 
controls).  He  will  also  assist  with  the  experimental  design,  interpretation  of  data,  report  and  manuscript 
writing  and  presentation  of  results  at  scientific  meetings.  Tasks  2,  3,  5,  6 
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Site  3:  Dr.  Fields  will  be  responsible  for  receiving  the  serum  and  CSF  samples  from  all  study  sites  and 
performing  ELISA  assays  for  450  serum/plasma  samples  and  50  CSF  samples.  He  will  assist  with  the 
experimental  design,  interpretation  of  data,  report  and  manuscript  writing  and  presentation  of  results  at 
scientific  meetings.  Tasks  2-6 

Sites  4  and  5:  Drs.  Klimas,  Conboy  and  Kokkoutu  will  provide  serum  samples  from  their  respective 
biorepositories  for  study  analyses,  assist  with  interpretation  of  data,  report  and  manuscript  writing. 

8.  Special  Reporting  Requirements 
None 
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APPENDICES 

Appendix  1:  Please  see  attached  manuscript  for  Abou-Donia  et  al.,  2017,  entitled:  “Screening  for 
novel  central  nervous  system  biomarkers  in  veterans  with  Gulf  War  Illness.  Abou-Donia  MB,  Conboy 
LA,  Kokkotou  E,  Jacobson  E,  Elmasry  EM,  Elkafrawy  P,  Neely  M,  Bass  CR,  Sullivan  K.  (2017). 
Neurotoxicol  Teratol.  ;6 1 :36-46”. 

Appendix  2: 

Abstract:  Annual  Society  of  Toxicology  Meeting,  Baltimore,  MD,  March,  2017 

Neural  Autoantibodies  in  Veterans  with  Gulf  War  Illness.  M.B.  Abou-Donia1,  K.  Sullivan2  L.  Conboy3, 
E.  Kokkotou.4 

'Department  of  Pharmacology  and  Cancer  Biology,  Duke  University  Medical  Center,  Durham,  North 
Carolina  2  Boston  University  School  of  Public  Health,  Boston,  MA;  3Beth  Israel  Deaconess  Medical 
Center,  Harvard  Medical  School,  Boston,  MA;  4New  England  School  of  Acupuncture,  Harvard  Medical 
School,  Boston,  MA. 

A  number  of  studies  have  linked  exposures  of  chemical  and  biological  toxins  to  increased  risk  of  auto¬ 
immunity  and  elevated  levels  of  antibodies  to  neural  antigens.  Currently,  autoimmune  diseases  affect  5- 
7%  of  the  world’s  population  that  are  usually  accompanied  by  circulating  autoantibodies.  Neural 
autoantibodies  are  also  present  in  approximately  2-3%  worldwide,  but  dare  not  involved  in  brain 
pathology.  This  current  study  measured  levels  of  8  types  of  neural  autoantibodies  in  a  group  of  20  Gulf 
War  patients  with  Gulf  War  Illness  (GWI).  The  patients  were  exposed  to  a  variety  of  toxicants  including 
insecticides,  insect  repellant,  pyridostigmine  bromide,  a  prophylaxis  for  nerve  agents  and  the  nerve  agent 
sarin.  The  results  indicate  that  neural  markers  were  significantly  elevated  in  peripheral  blood  samples  of 
GWI  cases.  Of  interest,  the  highest  fold  increase  (8  times  that  of  controls)  was  found  in  GFAP,  a  known 
marker  of  astrocyte  activation.  Other  markers  of  axonal  transport  damage  were  also  significantly  increased 
in  GWI  cases  including  MAP,  Tau,  tubulin  and  NFP.  Myelin  basic  protein,  a  marker  of  oligodendrocytes, 
was  also  increased.  These  results  strongly  corroborate  with  the  GWI  hypotheses  that  neuroinflammation 
in  GWI  potentially  results  in  white  matter  and  axonal  transport  damage.  Autoantibodies  directed  against 
self-antigens  can  also  cause  local  activation  of  complement.  B  cells  play  a  key  role  in  autoimmunity,  B 
cell  lineage  may  contribute  to  the  development  either  as  antigen  presenting  cells  or  cytokine  secreting 
cells  or  autoantibody  producing  cells.  Immunotherapies  that  deplete  B  cells  may  be  an  effective  strategy 
to  combat  autoantibodies.  (Supported  in  part  by  DOD  Contract  No.  W81XWH-15-1-0641). 

Appendix  3: 

Abstract:  Annual  Society  of  Toxicology  Meeting,  San  Antonio,  TX,  March  2018 

Biomarkers  for  Chronic  Fatigue  Syndrome  (CFS)  and  Irritable  Bowel  Syndrome  (IBS)  compared  to  Gulf 
War  Illness  (GWI)  in  Gulf  War  Veterans. 

M.  B.  Abou-Donia1,  M.  V.  Brahmajothi1,  L.  A.  Conboy2,  E.  Kokkotou3,  E.  Jacobson4,  N.  Klimas5,  and 
K.  Sullivan6. 

'Pharmacology  and  Cancer  Biology,  Duke  University  Medical  Center,  Durham,  NC;  2Medicine, 

Harvard  Medical  School,  Boston,  MA;  3Gastroenterology,  Harvard  Medical  School,  Boston, 

MA;  4Biostatistics,  Harvard  Medical  School,  Boston,  NC;  5Neuro-Immune  Medicine,  NOVA 
Southeastern  University,  Davie,  FL;  and  Environmental  Health,  Boston  University,  Boston,  MA. 
Approximately  one  third  of  the  American  military  personnel  who  served  in  the  Gulf  War  from  August 
1990  to  June  1991  experienced  chronic  symptoms  of  GWI.  Other  Gulf  War  Veterans’  illnesses  included 
CFS  and  IBS.  CFS  is  characterized  by  debilitating  fatigue,  unrestful  sleep,  neuropsychological 
decrements  and  chronic  pain.  IBS  is  characterized  by  recurrent  abdominal  pain  and  bowel  difficulties.  In 
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the  present  study,  we  used  our  newly  developed  biomarkers  using  western  blot  assay  to  screen  serum  for 
the  presence  of  autoantibodies  (A A)  against  the  following  neural  proteins:  neurofilament  triplet  proteins 
(NFP),  tubulin,  microtubule  associated  tau  proteins  (tau),  microtubule  associated  protein-2  (MAP-2), 
myelin  basic  protein  (MBP),  myelin  associated  glycoprotein  (MAG),  calcium-calmodulin  kinase  II 
(CaM-KII)  and  glial  S100B  protein.  Serum  reactivity  was  measured  as  arbitrary  chemiluminescence 
units.  The  study  included  50  CFS,  50  IBS,  68  GWI  and  26  non-veteran  asymptomatic  served  as  controls. 
None  of  the  patients  showed  any  significant  increase  in  AA  against  S100B.  Patients  with  CFS  showed 
statistically  significant  increase  in  AA  only  against  four  proteins  over  controls,  presented  in  descending 
order:  MAP-2  (2.90)  >  GFAP  (2.88)  >  Tubulin  (2.05)  >  CaMkII  (1.51)  >  MBP  (1.48)  >  SNCA  (1.42)  > 
NFP  (1.21)  >  MAG  (1.176)  >Tau  (1.04).  IBS  patients  exhibited  the  following  pattern:  MAG  (3.20)  > 
MBP  (1.47)  >  Tau  (1.39)  >  SNCL  (1.39).  GWI  patients  showed  the  following  pattern:  MAP-2  (4.81)  > 
MBP  (3.93)  >  NFP  (3.63)  >  Tubulin  (3.48)  >  Tau  (3.17)  >  MAG  (3.14)  >  SNCL  (3.03)  >  GFAP  (2.68)  > 
CaMKII  (2.48).  These  results  showed  that  patients  with  CFS  and  IBS  have  less  levels  of  AA  against 
fewer  neural  proteins,  indicating  that  the  levels  of  AA  against  neural  proteins  in  these  patients  are  below 
the  threshold  levels  that  accompany  brain  injury  in  contrast  to  patients  with  GWI  and  in  agreement  with 
absence  of  neurological  symptom  complaints  in  these  patients.  (Supported  in  part  by  DOD  Contract  No. 
W81XWH- 15- 1-0641). 

Appendix  4: 

Abstract:  Annual  Society  of  Toxicology  Meeting,  San  Antonio,  TX,  March  2018 

Quantitative  measurement  of  Neural  Autoantibodies  to  Map-2,  Tau,  Tubulin  and  GFAP  proteins  by 
ELISA  in  the  sera  of  patients  with  Gulf  War  Illness  (GWI). 

M.V.  Brahmajothi1,  L.A.  Conboy2,  E.  Kokkotou3,  K.  Sullivan4,  N.  Klimas5,  and  M.B.  Abou-donia1. 
'Pharmacology  and  Cancer  Biology,  Duke  University  Medical  Center,  Durham,  NC;  2Public  Health, 
Harvard  Medical  School,  Boston,  MA;  3Medicine,  Harvard  Medical  School,  Boston,  MA;  Environmental 
Health,  Boston  University,  Boston,  MA;  and  immunology,  NOVA  Southeastern,  Davie,  FL. 

For  Gulf  War  Veterans  (GWV),  the  effects  of  war  continued  long  after  they  returned  home.  In  addition  to 
the  psychological  ramifications,  veterans  and  civilian  workers  showed  exacerbated  effects  of  medically 
unexplained  chronic  multi-system  disorders.  The  causality  of  illness  may  be  due  to  the  compounds  they 
were  exposed  to,  which  inhibit  acetylcholine  (AChE)  or  modulate  the  pharmacokinetics  of  substances  that 
control  the  metabolic  activation  or  breakdown  of  AChE  inhibitors.  Such  compounds  include 
chloropyrifos,  sarin,  sulfur  sarin,  sulfur  mustard,  pyridostigmine  bromide,  DEET,  opiates  as  therapeutics 
and  the  enzymes  responsible  for  drug  metabolism  such  as  cytochrome  P450  reductases,  liver  microsomal 
oxidases,  etc.  Inaccessibility  of  the  nervous  system  has  impeded  the  evaluation  of  cellular  and  molecular 
changes  that  result  in  neurodegeneration.  Discharges  of  neural  proteins  during  this  process  can  induce 
autoimmune  response  that  can  be  measured  in  the  serum.  When  we  screened  for  novel  nervous  system 
biomarkers  in  the  sera  of  GWVs  from  our  pilot  study,  we  found  2  to  9-fold  increase  of  autoantibodies  to 
the  neuronal  specific  proteins.  We  have  now  developed  ELISA  to  determine  and  quantitate  serum 
autoantibodies  against  microtubule  associated  proteins  (MAP-2),  microtubule  associated  protein  tau 
(Tau),  tubulin  and  glial  fibrillary  acidic  protein  (GFAP).  This  method  quantitatively  distinguishes  IgG 
levels  of  the  autoantibody  titers  at  0. 1  microgram  level  of  the  specific  neuronal  proteins.  Determination 
of  specificity  was  achieved  by  absorption  studies  to  estimate  the  threshold  level.  We  performed  dose 
response  to  determine  the  optimum  concentration  of  each  protein.  (Supported  in  part  by  DOD  Contract 
No.  W81XWH-15-1-0641). 
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CiifWa  lEnt-ss  (CW1)  is  primarily  dupe std  by  symptom  report;  objaavebiarTurkd  art  needed  thit  dram 
gush  those  wthCWL  Prior  chemical  eepaam  during  dep  toymen  have  been  xsoc  Jed  mepdetraalagic  stud 
xnwAhakeed  centra]  nervous  syraem  fana  taring  m  vetexii  wthCWL  Previ  am  aiders  from  our  group  have 
dtTranscattdtht prersmetaf  jucuntoadi®  totssmta  nrunrul andgh a  jxcteiiB  m  patettxwghbrxn  injury 
and  atgesan  a  bodies  have  been  identified  as  cxididate  objective  markers  that  may  distinguish  CWL  Mere,  we 
screened  the  serum  of  20  veterans  with  GWI  and  lOnoi  vtcran  syngitamatc  (low  back  pain)  amtrab  far 
the  presence  aT  such  aueunab aches  usngWesm  blot  analysis  agpmst  die  fallowing  pruteim :  nesirafi lament 
triplet  proteins  ;  NFPi.  ttibuhn.  mxjatiiiule  associated  tau  proteins  (Tau).  microtubule  associated  pro  tin- 2 
[MAP-2),  myehn  basic  protein  [MBP).  myehn  associated glycoprotein  (MAC),  ghal  fibrillary  xidx  pratem 
[CTAPj.  aksum  cahnaduhn  kmaseD  |  Cthfrm  land  gkal  S-l  OOfi  protein.  Serum  roactnoty  was  mauu  red  as  arbi¬ 
trary  chenuksiunescence  mas.  As  a  group,  vet  eons  with  GW  had  oabax  Jly  stgmficandy  higher  levels  of  au- 
toarsfaody  reactivity  m  all  protests  exxmned  except  S-  100  ft  Fcidincrexeafthe  cases  relative  to  cortrok  m 
descending  order  were: CAtXI  427.  GFAP 6.60  Tau 483. Tubulin 4.41.  MAC  160.  Mil?  ISO,  NFP 245. MAP  2 
2.30.  S- 1 00B  1.03  These  results  confirm  die  continuing  presence  af  neuron  J  injury: ghosts  m  diese  veterans 
and  are  in  agreement  with  die  recent  reports  indicating  that  25  years  afrer  die  war.  the  health  of  veterans 
with  GW]  is  not  improving  aid  may  be  getting  worse.  Sudi  serum  acaaantfaodm  may  jxove  useful  as  bo 
mxlens  of  CWL  upon  vuhditxmofthe  findings  rongj  larger  cohorts. 

C  2016  Piiihshrd  by  Os  ever  Inc. 


1.  Introduction 

Approximately  one  third  of  the  697 COO  US  military  personnel  who 
served  in  the  Gulf  War  (GW)  from  August  1 990  to  J me  1991.  have  re¬ 
ported  persistent  symptoms  far  many  years  after  the  war  (RAC  2008, 
IOM  2012  RAC  2016;  White  et  al.  201 6).  This  complex  of  ^mptorns. 
known  as  Calf  War  Illness  (GWI).  include  memory  and  attention  prob¬ 
lems  profound  faQgue.  chronic  rrusde  and  join  pain  severe  headaches. 


*  CorKspoafesgaijCnr  x:  Depanrnenrof  Pturmaco*qjry  and  Cancer  Btttogy,  DtJre 
Uc*rr*y  Medic*  Center.  (Xrtum.  \C  27710.  U cared  Soaes. 
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persistent  darrhea.  respiratory  difficulties  and  skin  rashes.  GWI  is 
primarily  diagnosed  by  symptom  report  and  no  validated  objective 
diagnostic  biamarkers  currently  exist  that  fully  segregate  cases  front 
controls.  This  study  was  designed  to  identify  abjective  central  nervous 
system  (CNS)  bio  markers  of  GWI  us  ng  clues  front  prior  clinical  studies 
with  CW  veterans  and  from  animal  studies  that  modeled  chemical 
exposures  experienced  by  CW  veterans. 

aim  cal  studies  have  reported  unpaired  cognitive  functioning 
and  reduced  MRI  volume  and  altered  white  matter  microstrucTural 
integrity  in  organaphasphate  (OP)  pesticide,  sarm  nerve  agent  and 
pyndogs  tig  nine  bromide  !PB)ann-nervegaspillexposedGW  veteran 
cohorts  (White  et  aL  2016;  Sullivan  et  al,2013;  Chao  et  at  2010: 
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Heaton  et  aL  2007;  Proctor  et  a),  2006;  Sullivan  et  aL  2003).  Animal 
studies  demonstrated  that  exposure  to  higher  doses  of  the  prophylaxis 
pill  pyndcftlignime  bromide :  PBl  the  insect  repellent.  DF FT. and  the  in 
secncide  permethnnandorchlarpynfosled  to  significant  brain  damage 
In  animal  models  of  C\M  (Mxin-DaniaetaL  199tej>).  Further  studies 
uang  60  days  of  sifochroruc  dermal  ex post*  e  to  DEET  and  pemiethnn. 
alone  or  in  combination,  at  dose  levels  approximately  equivalent  to 
the  exposures  that  occurred  dunng  the  Gulf  War  in  a  rat-model  of 
GWl  caused  the  following:  (1)  a  diffuse  neuronal  cell  death  in  the 
motor  cortex,  the  different  subtle  Ids  of  the  hippocampal  formation, 
and  the  Ptukmjecell  layer  of  the  cerebellum,  aaompa  tied  by  sensori¬ 
motor  defidts;  (2)  significant  reduction  of  MAP-2 -pos  live  immune  re^ 
acove  structures  indcanng  atypical  expression  of  MAP-2  in  dendntes 
of  surviving  neurons,  within  the  cerebral  cortex  and  the  hippocampus 
that  was  characterized  by  a  beaded,  di a upted.  or  wavy  appearance: 
(3)  a  significant  upregulaoon  ofGFAP-poaove  egression  in  structires 
in  the  CA3  subfield  of  the  hippocampus,  the  motor  cortex  and  the 
dentate  gyrus  (Abdel-Rahman  et  aL  2001.  2002ah.  20O4aJ>: 
Abou-Ooma  et  aL  2000. 2001. 2002. 2004:  Terry  et  aL  2003).  Similar 
results  were  exhbited  in  animals  treated  with  sann  alone  or  aocompa- 
med by  cited-above  chemicals,  with  and  without  stress  (Abdel-Rahman 
et  aL  2004a). 

IhecytoardutecTureof  the  CNS  is  maintained  fay  a  complex  cellular 
milieu  that  involves  neuronal  and  glial  cells  that  must  maintain  proper 
communication  in  order  to  function  properly  (Abou-Doma  and 
Lapadula.  1990,  McMurray.  2000).  CaMKU  pbasphorylaescytaskeletal 
proteins,  such  as  MAP- 2  tau  and  tubulin.  CaMKU  accounts  far  12Xof 
all  proteins  in  the  brain.  CaMKU  has  the  ability  to  coordinate  and  trans¬ 
duce  upstream  Ca  and  reactive  oxygen  species  I ROS)  signals  into  phys- 
u logical  and  pathophysnl agical  downstream  responses  in  the  nervous 
system  and  cardiovascular  ho  logy  and  disease  lAhou-Donia.  1995: 
Erickson  etaL2011 ).  Tubulin,  the  major  component  of  microtubules. 
Is  responsble  far  axonal  m (gran on  and  longitudinal  growth  and  is  In¬ 
volved  in  axonal  transport  Although  tubulin  is  present  in  virtually  all 
eukaryotic  cells,  the  most  abundant  source  is  the  vertebrate  brain, 
where  it  consists  of  approximately  10-20X  of  its  total  soluble  protein 
(McMurray.  2000).  Microtubule- Associated  ITotein-2  IMAP-2)  is 
found  in  dendritic  compartments  of  neurons.  A  loss  of  MAP-2  is  a  reli¬ 
able  indication  cf  irreversble  neuropathology  and  is  asensnive  marker 
of  seizure-related  brain  damage  ( Bal  lough  etaL  1995).  Tauftomin.a 
normal  axonal  protein,  is  involved  in  starilizatianandassenfoly  cf  axo¬ 
nal  micro  tubules  Level  serf  tau  pro  terns  a  re  elevated  in  thecerebraspinal 
fluid  ICSF)  and  serum  following  TM  (Lilians  etaL  2011 )  and  has  been 
used  for  diagnosis  of  Alzheimer*  disease  Myelin  haac  pro  tan  (MBP) 
is  an  abundant  myelin  membrane  proteolipid  produced  by  oligoden- 
droglia  in  the  CNS  and  Sduvann  cells  in  1*5  and  maycotftirm  the  din 
leaf  assessment  of  neurodegeneranve  disorders  such  as  multiple 
sderosis  and  stroke  (Jauch  et  aL  2006).  Myelin  Associated  (2ycapratan 
!  MAG)  Is  selectively  localized  in  periaxonal  Schwanncell  and  olgaden- 
droglial  membranes  d  myelin  sheaths,  suggesting  that  it  functions  in 
glia-axon  interactions  in  both  the  PNS  and  CNS  (Schachner  and 
Bartsch.2000).GIialfibnlUryacxlicpratein  I  GFAP)  Is  ex  pressed  almost 
exclusively  in  astrocytes,  where  it  is  induced  by  neiral  injury  and  re¬ 
leased  upon  disintegration  of  the  astrocyte  cytoskeletan  (Rempeand 
Nedergaaid.  2010).  GFAP  plays  an  essenaal  role  m  maintaining  diape 
and  motility  of  astrocytic  processes  and  contribute  to  write  matter  ar¬ 
chitecture  myelination  and  blood  bram  barrier  ;BBB)  integrity 
(O'Callaghan  et  aL  2015).  After  traumatic  brain  injury  (TBI).  GFAP"s 
serum  concentration  peaks  at  2-6  h  and  has  a  half-life  d  <2  days 
(Diaz-Airastia  etaL  2014).  S-IOOB  exerts  both  detrimental  and  neuro¬ 
trophic  effects,  depending  an  its  concentration  in  brain  tissues  (Ada  mi 
etaL  2001).  After  release.S-IOOB  acts  as  a  trophic  factor  far  se  rot)  tun 
ergic  neurons,  and  plays  a  role  in  axonal  growth  and  synaptogenesis 
dunng  development  Thus,  traumatic  acute  mjiry  results  in  great  de¬ 
struction  d  astrocytes  leading  to  massive  release  (  50  to  100  fold)  d  S- 
1 QOB  into  plaana.  whereas  S-  10OB  levels  in  psychiatric  disorders  were 


only  aboil  3  times  higher  in  pane  its  compared  to  controls  (llda  etaL 
1998:  Aroitet  aL  2003).  correlating  well  with  its  neuro  protective  ac¬ 
tion.  Specifically.  S-IOOB  stabilizes  tau  and  MAP-2  Its  half-life  m  the 
serun  Is  2  h  (Zuiek  and  Fedora.  2012). 

A  re  oe  ms  tidy  of  airline  plots  and  other  flight  crew  mem  hers  chron¬ 
ically  exposed  to  otganaphosphates  through  combustion  of  engine  ail 
and  hydraulic  fluid  that  contain  or ga no phosphate  esters  resulted  in 
symptoms  similar  to  those  reported  by  GW  veterans  (fetjgue.  head¬ 
aches.  confuaon  and  memory  problems).  Interestingly,  these  crew 
members  showed  sigmficandy  elevated  numbers  of  a  uoanti  bodies  m 
then  blood  serum  of  CNS  damage  markers  inducting  those  associated 
with  axonal  transport  (microtubule  associated  proein-2  (MAP-2),  tu¬ 
bulin.  neurofilament  triplet  proteins  I  NTT)  and  microtubule  associated 
protein- tau  (tau  protein))  and  those  exduavely  associated  with  CNS 
glial  act] vat xin  and  neurcxnflammation  (myelin  basic  protein  (  MBP). 
a  nd  glial  fibrillary  acidic  pro  tern  (GFAP)  (Abou-DaniaetaL2013).Afd- 
low-up  his  to  pathology  autopsy  study  was  performed  an  a  deceased 
pilot  with  organaphosphate  expos  ue  that  confirmed  CNS  damage  and 
demyeknaian  (Abou-Oania  etaL  201 4).  Specifically,  the  his  tapatholo- 
gy  results  diowed  axonal  degeneration  and  demyelinaoon  and  the 
post  mortem  and  pathological  examination  of  the  net  voib  sysem  con¬ 
firmed  the autoantfoody  riomarker  results. 

Recent  st  udres  with  GW  veterans  have  shown  persistent  signs  and 
symptoms  characteristic  d  CNS  injury  ind  tiding  bram  imaging  and  cog¬ 
nitive  studies  [  White  et  aL  2016:  Chao  et  aL  2010. 201 1 . 2014. 2016; 
Heaton  et  aL  2007;  Sullivan  etaL2003).  There  are.  ho  wave  r.  no  v  all  dat 
ed  objective  diagnostic  tests  to  identify  acute  or  chronic  sequelae  d 
bram  injury  m  this  veteran  group.  Dlagnosisofbram  injury  us  mg  crania  I 
computed  tomography  (CT)  scan  and  magnetic  resonance  imaging 
(MR1)  techniques  such  as  diffusion  tensor  imaging  (DTI),  have  not 
been  able  to  clinically  dug  nose  vet  era  ns  withCVM  because  there  have 
been  no  proven  cutoff  values  for  vdunetnc  or  other  imaging  parame¬ 
ters  that  have  been  able  to  provide  the  required  near  1005,  accuracy  m 
terms  of  sensitivity /specificity  at  the  m  dividual  level  to  distinguish 
cases  from  coitrds  needed  for  a  du gnostic  test  Imaging  s tidies  have 
been  able  to  diow  differences  and  altered  CNS  ftxnctxmmg  between  vet¬ 
erans  withGWI  and  healthy  controls  bit  have  not  yet  been  able  to  iden¬ 
tify  the  groups  diagnostically  because  of  the  signifkantover  lap  between 
the  groups  (Chao  et  aL  201 0. 2011.  201 4. 2016;  Heaton  et  aL  2007). 
Hence,  it  is  important  to  develop  clinically  available  simple  and  inex- 
penave  bamarkers  for  detection  d  neuronal  and  glial  mjuryesserraal 
In  the  diagnosis  and  understanding  of  the  temporal  progression  d 
CNS  damage  in  GWl.  Recently,  serum  b» markers  such  as  cymskeletal 
proteins,  resulting  from  axonal  degeneration,  have  been  used  m  dug 
nosing  brain  injury  (  parnculariy  traumatic  bram  injury).  The  use  cf 
these  biomarkers  is  usually  measured  m  serum  shortly  after  bram  inju¬ 
ry.  because  they  have  short  half-lives  (Zurek  and  Fedora.  2011; 
Diaz-Arrastia  et  aL  2014). 

However,  many  years  have  elapsed  since  the  tune  that  GW  veterans 
returned  from  deployment  and  became  ill  therefore,  this  particular  ap¬ 
proach  cannot  apply  to  CW1.  Based  an  results  ftom  both  chronic  and 
acute  injury,  we  used  our  novel  autoantfoody  riomarker  panel  de¬ 
scribed  above  for  bra  in  injury  to  test  far  the  indication  of  CNS  damage 
In  veterans  with  chrome  GWl  (Abou-Donia  et  aL  2013.  2014).  One 
prior  study  compared  autoantfbodies  of  myelin  base  protein  (MBP) 
and  striated  muscle  antibodies  m  GW  veterans  and  reported  higher 
MBP  and  muscle  antfoodies  In  veterans  with  CM  (Vojdam  and 
Thrasher.  2 (XM).  Autoantfbodies  have  previously  been  recognized  as 
potential  objective  biomarkers  of  GWl  (Gdamb.  2012).  Therefore,  we 
hypothesized  that  chemical  exposuxe  to  pesticides,  ano-  nerve  gas  pi  Us 
and  or  sann  nerve  gas  dunng  deployment  m  veterans  with  CVM  caused 
an  exci  to  toxic  cascade  (through  potential  glutamatergic.  oxidative 
stress  and  pro  inflammatory  cytokine  signaling)  resulting  in  neurade- 
generaoon  and  apoptooc  loss  of  brain  cells,  leading  to  blood  brain 
hairier  leakage  of  specific  neuronal  and  glial  protein  si  mo  circulation, 
with  subsequent  formation  of  autoanobodtes  (AB)  against  these 
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proteins  (Abou-Oo  ruaetaL  201 3;  Banks  and  Lem.  2012;  Colombr200B; 
Teriy.  2012:  Binukunur  and  ail.  2010;  Soltaninejad  ml  Abdollahi. 
2009).  In  this  study,  we  determined  circulating  IgC-  class  autos  no- 
bo  dies  In  serum  from  20GWI  cases  and  10  symptomatic  (  low  back 
pain)  controls  against  the  following  9  brain  proteins:  neurofUament 
triplet  proteins  (MB’)  tubulin,  microtubule  associated  pratein-tau  (tau 
proteins),  rraaarubule  associated  protein- 2 !  MAI’-2)l  calaunvcalmod 
ulin  Kinase  II  (CaMKIH  myelin  base  protein  (MBP).  myelin  associated 
glycoprotein  ( MAG XgkalflMbsy  acidic  proem  ;GFAI’)and  S-IOOfL 

2.  Materials  and  methods 

2.1.  Maerkds 

The  sources  of  proteins  were:  NFP(bavine  spinal  card)  tau  pate  in 
(human).  MAP-2  (bovine  serum),  tubulin  (bovine  brain),  and  MBP 
(human  brain),  from  Sigma-Aldrich  (Saint  Louis  Missouri):  CaKKlI 
(Human )  recombinant  Protein  and  MAG  recombinant  Protein  from 
Nov  us  Biologicals.  Littleton.  CO.  GFAP  (human)  from  Biotrend 
Che nv kali en  GmbH.  (Cologne.  Germany)  andS-lOOB  ( human  bram) 
from  American  Quaiex  Interna  do  naL  Inc.  (San  Clemente.  California). 
Horseradish  peroxidase-conjugated  goat  anti-human  |gG.  and  en¬ 
hanced  chemiluminescence  reagent  were  obtained  from  Amersham 
Pharmacia  Biotech  i  nscataway.  New  Jersey).  SOS  gels  2-20X  gradient 
(8  x  8)  and  tns-glycine  15  mM  were  obtained  from  Invitrogen  (Carls¬ 
bad.  California  l  All  other  materials  were  pi* chased  from  Amersham. 

22  Ethics  srotemenr 

Approval  far  the  use  of  stored  blood  samples  for  this  stuck1  was  ob¬ 
tained  from  the  Duke  University  Medical  Center  Institutional  Review 
Board. 

2JI  Case  aid  control  samples 

Serum  samples  from  20  CW1  cases  with  GW1  and  10  non- veter an 
symptomatic  controls  with  lower  back  pain  were  tested  in  this  pilot 
study.  GW  veteran  serum  samples  were  collected  from  a  stuck  of  acu¬ 
puncture  treatment  in  veterans  with  GWI  from  2010  to  2012  (Canboy 
et  al_  2012).  Control  serum  samples  were  derived  from  a  separate 
study  erf  non-  veter  an  patients  with  chronic  lower  back  pain  who  served 
as  sy  mptomaoc  low  back  pain'  controls  from  201 1  to  201 3  (Jacobson  et 
a  1.2015). Veterans  with  GWI  will  be  referred  to  as  tases'  and  low-hack 
pain  symptomatic  controls  will  be  referred  to  as  Controls’. 

2.4  Description  of  die  patient  cohort, 

2 A 1.  CWl-cose  cohort 

The  Effectiveness  of  Acupuncture  m  the  Treatment  of  Gulf  War  Ill¬ 
ness*  H:  Conhoy.  (8/21/2010-12/26/2012)  N  =  104;  Study  Site:  New 
England  School  of  Acupuncture  (NESA).  Cases  were  recruited  throigh 
the  Defense  Manpower  Data  Base  (DMOC)  personnel  listing  sand  adver- 
Dsements.  Cases  were  screened  for  GWI  symptoms  and  were  required 
to  meet  the  CDC  ci  agnostic  criteria  for  chrome  multi -symptom  illness 
(CMI)  in  order  for  inclusion  in  the  parent  study  and  in  the  current 
study  (Gonboy  et  aL  2012;  FukudaetaL1998).lnclu9on  in  the  current 
study  also  required  that  veterans  were  deployed  to  the  1990-1991  Gulf 
War.  CM  ischaractenzedby  oneor  more  sym  poms  cfatleastBmonihs 
duration  from  at  least  two  of  three  symptom  categories:  1 )  fatigue:  2) 
mood -cognition;  3)  musculoskeletal  pun. 

Symptoms  were  not  necessarily  required  to  have  started  during  or 
after  the  GulfWar  deployment.  Excluaonary  criteria  included  that  the 
veteran  was  1 )  currently  enroll  edinanothercJmi  cal  vial  2)  Had  another 
disease  that  likely  could  account  for  the  symptoms  as  determined  by 
the  Medical  Monitor  3 )  Severe  psychutnc  illness  (in  the  last  2  years 
psychiatnc  hospitalization,  suicidal  attempt  alcohol  or  substance 


abuse  use  of  antipsychotic  mectcaoon)  4)  Unable  to  complete  the  pro¬ 
tocol  based  an  the  evaluation  of  the  Medical  Monitor. 

242.  dJSP-cohort 

“Structural  Integration  for  chronic  low  back  pain*  0  Jaccbson  (3/4' 
201 1-6/21/2013)  N  =46.  Study  Site:  Spaulding  Rehab*  tanonHasptal 
(SRH  l  In  this  cohort  46 outpatients  from  the  Boston  area  with  chronic 
nonspecific  low  tuck  pain  were  randomized  to  parallel  20-  week  long 
treatment  groups  cf  structural  integration  (3)  plus  outpatient  rehabili¬ 
tation  (OR)  versus  OR  alone  The  details  cf  the  study  are  deserfoed  in  a 
recent  publication  (Jacobson  etaL.  2015).  Inclusion  criteria  for  the  par¬ 
ent  study  included:  (i)  Men  and  women  aged  18-65.  (M )  cLBP  of 
ib  months  duration,  not  attxbuted  to  infection,  neoplasm,  severe 
radicifopathy  (as  indicated  by  frequent  severe  pain  radiating  down  a 
leg  \  fracture,  or  infla  mm  at  ary  the  inianc  process,  (in )  both  ersomeness 
cf  back  pain  self -r  atedon  average  over  the  precedng  6  months  a  3  an  an 
11 -point  ordinal  scale  (0  =  none.  10=  wo rst  imaginable),  (iv)pnor  ar¬ 
range  men  t  to  enter  a  coi*se  of  outpatient  physical  therapy  for  Itxv  back 
pain  at  a  Boston  area  rehabilitation  dime,  (v)  English  language  fluency 
and  mental  capacity  sufficient  to  provide  informed  consent  and  partici¬ 
pate  in  the  stidy.Exdifiion  Criteria  far  ih  e  study  md  tiled:  (i)lmpaired 
hearing,  gieech  vtsk>n.and mobility  sufficient  to  interfere  with  partici¬ 
pation  in  the  sudy.  (u)  currentorannapated  receipt  of  payments  from 
Worker's  Compensation  or  other  insurance  for  disability  attributed  to 
lowback  pain,  (in )  prior  treatment  with  any  3  therapy,  (fv)  plans  to  ini¬ 
tiate  additional  treatment  for  hack  pain  during  the  penod  of  the  study 
other  than  outpatient  rehabilitation  care,  pamcifariy  massageorother 
manual  therapies  (eg.  chiropractic  or  osteopathic  manipulation),  (v) 
exclusions  for  safety:  unresolved  musculoskeletal  pathology  of  the 
lower  limbs,  cixrent  pregnancy,  any  implanted  medical  device,  osteo¬ 
porosis.  any  hypercoagulationconcktion.  eczema,  skin  infection  deep 
vem  thrombosis,  burns  or  other  acute  trauma  including  unhealed 
bone  fractures  or  open  wounds,  psoriasis,  psychiatric  illness  not  well 
controlled. or  current  episode  cf  exacerbated  major  depressrve  disorder. 

25  Colleatonands  fnoge  of  samples 

Sa  mples  fr  om  the  GWI -cohort  and  the  cLBP-cohart  we  re  all  collected 
from  the  Boson  area  at  the  same  time  penod  at  two  different  sites  from 
2010to  2D11  All  ates  followed  exactly  the  same  protocol  far  venipunc¬ 
ture.  blood  handling  serum  separation  aliq noting  and  storage  at 
—80  ”C  The  same  phleboomy  and  sample  protocol  was  disitbuod  in 
wnong  to  all  sites.  All  samples  analyzed  were  baseline  blood  samples 
collected  pre- intervention  therapy.  Samples  used  for  this  study  have 
not  been  previously  thawed  and  are  free  of  hemolyas  by  visual  in  spec 
oan  (Tucket  aL  2009). 

26  Participant  demographics 

The  participant  demographics  indicatethata  total  of  20  veterans 
with  GWI  1 8  males  and  2  females,  compared  to  6  females  out  cf  10 
cLBF  controls  participated  m  the  stuck-The  age  of  the  GWI  cases  ranged 
Irani  38to61  (mean  ±SD 46.0  —  68)  compared  to  25 to  64  |  mean  ± 
SD  50  ±  1 1.4)  years  for  conDcfs;  all  study  participants  were  white 
(Table  1  y  Seventy  percent  of  veterans  with  GWI  reported  taking  IV 
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pills  dtting  the  war  (n  =  14 )-  The  groups  differed  with  respect  to  gen¬ 
der  |  X2  =83;  p '-  Q.05)  with  significantly  more  women  m  the  control 
group  but  did  not  differ  with  respect  to  age  ((-value  =  — 13;  p>  OXB). 


27.  Western  blot  assay 

To  screen  for  the  presence  of  autoanti bodies  against  a  battery  of 
proteins,  we  applied  a  Western  blot  approach  as  previously  reported 
(Abort- Don  iaetal,  201 3).  Each  serum  sample  was  analyzed  in  tripli¬ 
cate  Each  protein  was  loaded  as  10  ng.lane  except  for  (gG  that  was 
loaded  aslOO  ng/lane.  Proteins  were  denatured  and  electrophoresed 
In  SDS-PAGE  j  45.  to  2CK  gradient)  purchased  from  Invitrogen  (  Car  Is  - 
bad.  CA).  One  gel  was  used  far  each  serum  sample  The  proteins  we  re 
transferred  into  polyvnytidene  fluonde  (PVDF)  membranes 
(Amersham  Pharmacia  Biotech  Piscataway.  New  Jersey ).  Nonspecific 
binding  sites  were  blocked  with  Tns-buffered  Saline- Tween  (TBST) 
(40  mM  IT  is  |  pH  73).  300  nM  NaCL  and  0.1%  Tween  20)  containing 
S%  non-fat  dry  milk  for  1  h  at22  *C  Membranes  were  incubated  with 
serum  samples  at  1;  100  dilutions  inTBST  with 3%  non-fatdry  milk 
overnight  at  at  After  five  washes  In  TBST.  the  membranes  were  in¬ 
cubated  m  a  1:2000  dilution  of  horseradish  peroxidase-conjugated 
goat  anti-human  IgC  (Amersham  PharmactaBiotedi  (Piscataway. 
New  Jersey).  The  dot  blots  were  probed  with  ana-human  IgC 
(H  +  L)  HRP  conjugate  antibody  (Cat.  No.  31410.  Thermo  Fisher 
Scientific  Inc,  Pittsburgh.  PA.  USA)  for  1  h  at  RT.  incubated  with 
ECl  reagent  (Cat  No.  34096).  The  membranes  were  developed  by 
enhanced  chemiluminescence  using  the  manufacturer's  (Amersham 
Pharmacia  Biotech )  protocol  and  a  Typhoon  8600  variable  mode 
imager.  The  signal  intensity  was  quanofied  using  Bio-Rad  image 
analysis  software  (Hercules. California).  All  tests  were  performed 
with  the  investigators  blinded  to  participant  diagnosis. 


2.8  Speaficlty  ofserun  attoairtbadtes 

Previously  we  checked  the  specificity  of  the  ser  urn  autoantfbody  by 
performing  pepade/anagencompeaaonassay.  in  which  the  serum  was 
spiked  with  the  target  protein  or  peptide  (Abou-Ooma  et  al, 20 13). The 
serum  ftom  random  healthy  controls  was  mixed  with  or  without  tau. 
MAP  or  MBT.The  serunyprotein  mix  was  centrifuged  at  1 5.000  rpm 
to  pellet  any  immune  complexes.  The  supematarts  were  then  carefully 
removed  and  used  m  Western  blotting. 

2.9  CokukiriaiLs 

Hie  mean  value  of  the  optical  density  measurement  from  the  tripli¬ 
cate  testing  was  used  far  each  serum  sample  tested  and  normalized  by 
total  IgC.  Thus,  the  results  are  expressed  as  mean  values  of  triplicate  as¬ 
says  of  apacal  density  arbitrary  uruB  normalized  to  ctal  serum  IgC. 

2.10.  tower  analysts 

A  total  cf  20GWI  cases  were  available  for  testing  in  this  convenience 
sample.  Effectsizecakulaoans  were  basedonrwo-sampertest  as  sum 
inga  common  standard  deviation  between  groups.  The  power  analysis 
assumes  thatcasesandcontrolsarenat  nuched  lnartest  of  difference 
between  two  independent  means,  selecting  power  of  80%.  2 -sided  alpha 
0.05.  and  size  of  20  vs  10.  thestudy  was  powered  to  detea  an  effect  only 
if  at  least  1.12  9X 

2.11.  Sm  it  sacs 

Grouped  data  are  reported  as  mean  ±  SD.  The  values  ftom  cases 
were  compared  to  the  control  group  using  (-tests  and  Its  arson 
correlation  analyses  (SigmaStat.  Systat  Software)  and  p- values  were 


Control  1  Control  2  Control  3 


Subject  1 


Subject2 


Subject3 


Fix  l.A  repcttnasve  ame*  <*  WexembuxirUS'ocnt  free  cases  fflosang  r  ts*  tie  era ihkimSCWI town  regard  L-tensds  roneu 
weak  or  noreacacA 


Ifrae 


Please  ate  this  article  as:  Abou-Oonia.  M3,  et  al.  Screening  for  novel  central  nervous  system  bo  markers  m  veterans  with  Gulf  War  Illness. 
NeiratoMccf  Teratol  (2016).  http ; //tfcjdd org.TO.  1 01 6  Jjitt20 1731002 


19 


hUL  A/uu-Daua  ecai  /  Seumaxcataft  aitf  TenMatoty  jock  '2D IS,  jock- jock 


5 


TaMr2 

Qtecmau  owroecnerQlaQdottKraipaBrstf  cacs  (incite CijrVAr' 


Qkancal  expasixes 

Exposed 

X 

Exposed 

X 

bar-mule  ;pb; 

14 

70 

KTumuyaft 
noofkaaon  kser 

8 

40 

CtjHncflfir-iCftarjj  prgmdrs 

<0f) 

7 

35 

Cancaminavd 
toad,' war  r 

18 

90 

Carta  maces 

7 

35 

Va cones 

18 

90 

tyrer  fiords 

4 

m 

uaasa 

12 

60 

nET 

II 

55 

Sand 

18 

90 

Sann 

9 

45 

Tent  be  a  cr 

II 

55 

□epfcfed  ixaruxn  (DU) 

6 

30 

lafuef 

14 

70 

Solve  ns 

10 

• 

CM  Ores 

18 

90 

1  A  redo!  2D  veronswitfiGWT  parapardtn  fee  sixty. 


calculated.  Pairwise  correlations  among  tlte  nine  biamarkers  were 
assessed.  A  2-sided  p  value  '  0.05  was  considered  significant  Due  to 
the  exploratory  nature  of  this  pilot  study,  analyses  were  not  adjusted 
for  multiple  comparisons. 

3.  Results 

As  previously  deserted,  we  assessed  the  specificity  of  the  serum  a  u- 
toannbody  by  performing  peptide  antigen  competition  assay.  In  which 
the  serum  was  3»loed  with  the  target  protein  or  peptide.  The  serum 
bound  to  tau  eliminated  the  tau  band  in  the  Western  blot  (see  Fig.  1 ) 
while  the  band  of  MAP-2  or  MBP  were  present  and  not  affected.  The 
serum  bound  to  MAP-2  eliminated  the  MAP-2  band  in  the  Western 
blot  while  the  band  of  tau  or  MBP  was  present.  The  serum  bound  to 
MBP  eliminated  the  MBP  band  in  the  Western  blot  while  the  bands  of 
tau  and  MAP -2  were  present  These  results  indicate  that  each  autoann 
body  in  the  serum  was  specifically  neutralized  by  its  target  protein  in 
serum  sample  and  was  no  longer  avail  able  to  bnd  to  the  epitope  pres¬ 
ent  in  the  protan  on  the  Westan  blot  This  confirmed  that  the  assay 
used  in  this  study,  was  specific  and  accurately  determined  autcuno- 
bodes  against  tested  protans  in  serum  samples. 

Todetectautoantfbodies  in  saint  we  probed  Western  blots  with 
indvidual  serum  samples.  A  total  of  30  human  serum  samples  (20  vet 
erans  with  CWI  and  10  non-veteran  symptomatic  Icftv  hi&  pain con¬ 
trols)  underwent  measurement  of  the  levels  of  the  serum  circulating 
I gC -class  autoarti bodies  against  tune  net* anal-  and  glial-  speafk  pro¬ 
teins.  Table  2  lists  the  number  of  CWI  cases  who  were  ex  posed  to  chem¬ 
ical  and  environmental  exposures  It  shows  that  14  cases  |7(K)  usedPB 
as  a  prophylaxis  against  possfcle  exposure  to  nerve  agents  and  nine 
cases  reported  being  exposed  to  the  nerve  agent  same  In  addition,  a 
total  ofetght  cases  repared  recervmg  no aficati an  from  the  Department 
of  Defense  (ODD)  that  they  were  potentially  exposed  to  sann  and  other 
chemicals  die  to  the*  proximity  to  the  K  ham  a  yah.  Iraq  underground 
weapons  depot  where  a  chemical  weapons  cache  was  destroyed  in 
March  1991  (US  DOD. 2002).  Eight  cases  reported  exposue  to  depleted 
uranium.  All  of  fie  cases  reported  exposure  to  one  or  more  insecticides 
or  a  mixture  cf  pesticides  including  oiganopho^phates.  carbamates. 


pyrethrack  and  or ganoc hiatuses  Eleven  cases  used  the  insect  repeilant 
OEET.  All  cases  underwentenvuanmental  and  other  exposures  listed  us 
Table 2.  Other  chemicals  tint  the  cases  reported  exposure  to  included 
dl  well  fires,  sand,  te  it  heaters.jet  fuel. and  sol  cents.  Some  veterans  le- 
pexted  exposure  to  malaria  and  18  reported  being  vaccinated.  Serum 
from  CWI  cases  flowed  significant  y  increased  levels  of  autoanUbadies 
against  all  cytoskeietal  proteins  except  those  against  S-  100B  compared 
to  non-veteran  symptomatic  (tow  back  pain)  controls  (Table  3 ).  Due 
to  the  gender  differences  between  the  cases  and  controls,  analyses 
were  also  run  with  Just  the  males  in  the  groups.  Although  there  was 
only  a  small  number  cf  males  (n  =  4)  in  the  control  group  which 
could  be  problematic  in  this  type  of  analyas.  resulB  of  this  comparison 
fvowed  a  very  similar  pa  tern  of  9  gmfi  ant  differences  in  all  autaino- 
bodies  (CFAP  p  <  0.001 ;  Tau  p  -  OjOOI;  MAP  p  <  0.002;  MAC 
P^OjOOI:  PNFp  --  0006;  Thbulln  p -.0003;  MBPp  <  001;  S-100B 
p  =  0.3 1 ).  The  majority  cf  CWI  serum  reacted  m tensely  to  neural  pro¬ 
teins,  while  most  control  serum  flowed  a  weak  or  no  reaction  Rg  la 
and  b  present  Western  blots  re  sifts  from  three  representative  CWI 
cases  and  three  controls.  The  levels  of  serum  autoandbodies  in  CWI 
cases  and  controls  to  neural- specific  proteins  expressed  as  mean 
values  irSDaf  it  ipli  cae  assays  of  optical  denaty  atbitrary  units  normal 
lied  to  total  serum  I  gC  opoal  density  ranged  from  0  JO  far  S-100B  and 
409  far  (TAP  for  the  cases  compared  to  OJO  and  062.  respectively  for 
controls  are  listed  m  Table  3  and  shown  tn  Rg.  2  The  percentage  cf  au- 
toanu  bodies  against  neural  prate  uvs  of  cases  compared  to  controls  (m 
descending  order)  were:  CaMOI.  927.  CFAP  660  Tau  481Tubulm  441. 
MAC  360  MBP 250.  NFT  245.  MAP-2  230  S-IOOB  1(B.  Ftg.  3  presents 
the  mean  values  ±  SD  (p  '-  0.001 )  of  fold  increase  of  autoandbodies 
against  neiral  proteins  for  the  cases  compared  with  the  controls. 
Serum  from  controls  had  no  or  tow  levels  of  circulating  autoandbodies 
to  nervous  sysem-^iecific  bamarkers  Autoandbodies  against  CaMKH 
were  more  predommantm  the  cases'  serum  than  in  controls'  serum 

Pi 

Rg  4  shows  that  Tubulin  and  CFAP  had  the  highest  values  m  the 
C1M  cases  compared  with  the  controls.  Pairwise  carrelanons  among 
the  nine  autoimmune  biamartcers  were  significant  only  far  the  pair 
Tau  and  MBP.  When  comparing  the  cor  tel  ad  an  between  each  pair, 
only  tau  and  MBP  were  significantly  linearly  correlated  to  each  other 
(Fig.  5).  Fig.  5  shows  that  the  control  values  cf  those  two  bio  markers 
were'-l  optical  denaty  unit,  whereas  CWI  cases  had  values  strongly 
linearly  correlated  with  each  other  such  that  ona  verage  tau  was  elevat¬ 
ed  iy>  to  10  times  higher  than  controls  in  some  CWI  cases,  and  MBP  was 
also  elevated  up  to  5  tunes  higher  far  the  same  cases  vs  the  controls. 

Finally,  wbeneachbiomarkef  was  compared  separately  between  in- 
<k  vs  dial  cases  and  controls  for  potertial  fold  increase  cut -points  to  dis 
criminate  the^oups.  resifts  indicated  that  tubulin  values  had  some  of 
the  highest -fold  increased  values  in  the  individual  GVM  cases  compared 
with  the  indvidual  control  values  although  only  60S  of  the  individual 
cases  (n  =  1 2 )  fvowed  that  effect  ( Rg  6a).  However.  In  9  (out  of  the 
20)  cases  tubulin  values  were  elevated  by  a  factor  of 3  to  9-fdd  higher 
than  the  controls  In  Fig.  fib.  CFAP  was  elevaed  the  mast  In  cases  com¬ 
pared  to  controls  In  fad.  CFAPwas  higher  in  all  of  the  cases  compared 
with  all  cf  the  controls  with  20  on  of  20  cases  having  2  to  7  fold  higher 
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value  than  the  control  mean.  Thus  CFAP  values  completely  distin 
g utshed  the  cases  from  the  controls.  CFAP  values  did  not  overlap  in 
cases  vs  controls  In  this  small  sample;  however,  the  separation  in  the 
ranges  was  small  relative  to  the  substantial  standard  deviations.  In 
Fig.  6c.  tau  was  higher  than  controls  in  18  cases  and  SOX  of  the  cases 
had  double  the  value  d  tau  compared  with  the  controls  In  F|g.  6d. 
MAP  was  higher  than  the  controls  m  15  cases  and  75X  of  the  cases 
had  a  05  to  1 1-fold  higher  value  than  the  controls.  In  Fig.  6e  MAC  was 
higher  than  controls  in  1 5  cases  and  75X  of  the  cases  had  up  to  a  10- 
fdd  higher  value  than  the  controls  In  Fig.  6f  NFP  was  higher  than  con¬ 
trols  in  only  SOX  of  the  cases  (n  =10)  and  they  showed  05  to  11 -fold 
higher  values  than  controls.  MBI’  was  higher  than  cortrds  in  12  cases 
and  SOXof  the  cases  were  higher  than  controls  wilh  2  to  5-fold  higher 
values  than  amtrots.  CAMKII  was  higher  than  controls  in  16  cases  and 
SOX  of  the  cases  had  a  3  to  30-fold  higher  value  than  the  controls. 
SI OOB  values  were  not  statistically  significant  as  the  values  overlapped 
with  cases  and  controls. 

4.  Discussion 

Hus  pilot  study  reports  significantly  elevated  levels  d  autoanti¬ 
bodies  against  neurotypic-  and  glntypic-specific  proteins  m  serum 
from  a  sample  of  20  veterans  with  GW  and  10  nan-veteran  symptom¬ 
atic  (tow  back  pain)  controls  with  musculoskeletal  symptoms  rather 
than  CNS  symptoms.  The  increased  levels  in  CWI  cases  compared  to 
controls  ranged  from  427  fold  forCaMKU  to  6.6  fold  far  CFAP  to  2.45 
fold  for  neurofUamens.  Autoanttoody  levels  against  S-l OOB  were  not 
different  in  CWI  cases  than  controls  [  1XB  fold)  consistent  with  Its  neu¬ 
ral  protective  role  and  m  agreement  with  preserve  of  chronic  injury  and 
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absence  of  acute  brain  mjuiy  in  veterans  with  CW  (Zurek  and  Fedora. 
201 1;  Diaz-Arrasna  el  aL  2014;  Sulnackeet  aL  2006. 2004;  Coch  and 
Leube.  201 6).  Previous  studies,  using  animal  models  of  CW.  showed 
that  exposure  to  the  neurotmKants  that  were  present  in  theCW  envi¬ 
ronment.  caused  deficits  in  behavioral  outcomes  that  were  accompa¬ 
nied  by  neuronal  and  glial  degeneration  (Mxlel-Rahmanet  aL  2001. 
20O2aJ>.  2004a J>;  Abou-  Dania  et  al.  2000. 2001 . 2004).  Following  neu 
rodegeneranon.  there  is  accumulation  of  cellular  neurological  waste 
products  or  debits  sudi  as  mi  Raided  at  hyperphosphoryiated  proteins 
that  form  toxic  stahle  aggregates  ( Nedergaard.  201 3 ;  Edgar  et  aL  2004 ). 
This  ex  trace  II  liar  debris  send  damage  signals  that  cause  the  CNS  im¬ 
mune  cells-  rocrogUato  became  activated  and  act  as  pr ciound  antigen 
presenting  cells  that  secrete  pro- inflammatory  cytokines  (IL-lb.'INF-a 
and  IL-6)  and  mediators  (reactive  otygen species.  ROS)  resulting  in 
the  recruitment  of  T-lymphacytes  (Milligan  and  Watkins.  2009;  Banks 
and  Lan.  2012).  Multiple  exposures  to  these  waste  proteins  can  cause 
microglia  and  astrocytes  to  become  primed  to  react  mare  strongly 
after  eachsubsequent  exposure  ;  Watkins  and  Mai er.  2003). This  can  re¬ 
sult  m  a  persistent  neurommute  response  and  chronic  neutanflam- 
mat  xin  contributing  to  chronic  health  symptoms,  such  as  those  seen 
in  CW  veterans  (Johnson  et  aL  2016;  Milligan  and  Watkins.  2009; 
Maier  and  Watkins.  1998;  Watkins  and  Maier.  2003).  These  waste 
proteins  are  eventually  released  into  or  dilation  due  to  defects  m  the 
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brain-blood  barrier  induced  by  astrocyte  alterations.  Waste  prate. ns  in 
the  brain  ultimately  reach  the  liver  through  a  mechanism  known  as 
the  *g  lymphatic  system'  where  they  are  degraded  (Nedeigaard. 
2013).  However.tlte  released  proteins  that  coul  d  serve  as  markers  of  In- 
juryarepresent  in  the  short-  term  and  cannot  be  usedasbiomarkersin 
the  case  of  chronic  CWI  (Zurekand  Fedora.  2011;  Dlaz-Arrasha  etaL. 


20 M).  Thus  detection  of autaaiti bodies  can  serve  assunogate  markers 
for  these  circulating  waste  proteins  as  described  in  this  study. 

The  highest  increase  in  autoantibodies  was  against  CaMIOI  which 
was  9.27  times  higher  than  that  of  controls  followed  by  CFAP  which 
was  6  times  higher  than  controls.  This  result  Is  consistent  with  the 
veterans'  exposure  during  their  deployment  to  the  Gulf  War  to 
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org^nophosphor  us  compounds  such  as  pesticides.  and  rive  nerve  agent 
sunn  that  have  been  foown  to  mere  use  the  activity  and  mRNA  expres¬ 
sion  of  CaMKII  (Patton  et  aL  19B3.  1985.  1986;  Gupta  et  aL  1998; 
Battue  ret  aL  2(X)9)aswellasenhin<Ed  CaVtCUinduced  phosphoyla 
Don  of  NIT.  mbulin  |  Serrano  et  a).  19B6)and  tauaaiviry  leading  to  the 
aggregation.  deregulation  and  accumulation  of  NFP  {Abou-Doma  et  aL 
1993;  Norgren  et  aL  2003)  and  tubulin  in  the  axon  (Abou-Donia. 
1993;  Jensen  etaL  1992.  Gupta  et  aL  2000;  Grigayan  and  Lockndge. 
2009).  Aggregaed  neurefi  laments  result  in  slowing  of  axonal  transport 
as  has  been  illustrated  in  GW- re  lev  ant  animal  and  cell  neurototicant 
models  [Gupta  etaL  1997;  Reagan  etaL  1994;  Terry  etaL2012;  Gao 
et  aL  2016;  Edgar  et  aL  2004). CW-relev ant  exposure  models  have 
also  been  associated  with  astrocyte  activation  [Zakirova  etaL  2015; 
OJo  etaL  2014). 

Neuronal  proteins  studied  in  this  pilot  analyas  represented  vanous 
anadmical  regions  of  the  neuron  with  dstina  functions  which  can  be 
instructive  with  regard  to  the  pathobiology  of  CW1  (lapadula  and 
Miou-Dama.  1 992 ).  Allof the  proteins  used  are  involved  in  axonal  struc¬ 
ture  and  functunandarereleasedas  products  of  neural  degeneration  of 
vanous  regions  of  the  neuron.  MAP-2  Is  present  m  the  dendrites; 
CaMKU.  tau.  tubulin,  and  neuroftlament  proteins  are  located  in  the 
axon;  myelin  basic  protein  I  MBP)  and  myelin  associated  glycoprotein 
(MAG)  are  an  integral  part  of  myelin  (McMurray.  2000).  Fur  the  mi  are 
the  central  nervous  system -speafic  glial  protein.  GFAP  and  S-IOOB  are 
secreted  by  astrocytes  after  neuronal  injury  (McMurray.  2000). Fallow¬ 
ing  ax  anal  and  myelin  degeneration,  nei*  anal  and  glial  proteins  are  re- 
leased  and  once  in  or  dilation,  activated  lymphocytes.  B  and  T  cells  lead 
to  the  formation  d  autoirri bodies  against  these  protans  [Schwartz  and 
Shechter.2010aJ>). 

Increased  autoanbbodies  against  nervous  system-specific  prate  ms 
leads  to  structural  consequents*!  various  regions  as  follows:  increased 
autoantfoodiesagamsi  neuro  filaments  pro  terns.  uuCaMC  II  and  tifoulin 
are  indicative  of  axonal  degeneration;  increased  autoarm  bodies  against 
MAC  and/or  MBP  suggest  demy eli nation,  increased  autoantfoodies 
against  MAP-2  suggest  dendritic  degeneration.  Increased  autoano- 
bodes  agam a  GFAP  suggest  astroglioas.  and  the  low  or  no- increased 
levels  of  autoantfoodies  against  S-lOCBis  amaaent  with  diem  xal -in¬ 
duced  bram  injury  (Zurekand  Fedora.  201 1.  Diaz-Anrasna  et  aL  2014; 
Stalnacke  et  aL  2006. 2004 ).  The  linear  correlation  pattern  of  tau  and 
MBP  in  this  study  suggests  an  import  ant  potential  effect  of  axonal  de¬ 
generation  fallowed  by  demyefmaoon  that  would  correspond  with 
prior  neuro imaging  studies  in  neurotoxicant  exposed  GW  veterans 
(Heaton  et  aL  2007;  Chao  et  aL  ZOlOJPurthermore.  these  strucrural 
changesof  the  nervous  system  lead  to  functional  alterations.  Henoe  ax¬ 
onal  degeneration  m  thecerebral  cortex  leads  to:  motor  and  sensory  ab¬ 
normalities  ataxia,  defiat  in  posture. locomonoaand  dolled  fine  motor 
movements  ifingers.  speech,  faaalexpression  )  and  weakness  Regener¬ 
ation  of  the  linfoic  system  including  the  hippocampus  leads  to:  teaming 
and  memory  defiats  and  neurobehavnral  (mood,  emotion  and  judg¬ 
ment  [abnormalities;  increased  autoanbbodies  agamstMAP-2  suggests 
damage  to  the  dendrite -nch  Pirbnje  cels  m  the  cerebellum  restiong 
In;  gaa  and  coordination  cfo normalities,  staggering  gate  and  ataxia 
( McM  urray . 2000;  Abou-Do  tua.  2015 ).  Inn  eased  autoantfoodies  against 
GFAP  indicate  astroghastsand  potential  neuranflanvnabonandorglial 
scairing.GFAPcontnbutes  to  white  matter  architecture  myeiinaaon 
and  blood  brain  barrier  (BIB)  integrity  (OCallaghan  and  Sriranx  2005; 
Amourette  et  aL  2009,  Lamproglou  et  aL  2009).  Consequently,  blood 
levels  of  GFAP  in  healthy  mckviduals  are  very  low.  GFAP  levels  were 
higher  in  G\M  cases  and  completely  di  scrim  mated  between  the  cases 
and  controls  m  this  study. This  is  parnoilarly  relevant  became  disorders 
with  higher  levels  of  GFAP  include  memory  disorders  such  as 
Alzheimer's  and  vascular  dementia  that  have  significant  axonal  neuro¬ 
degenera  non  and  neurairflammanon  (MecoccietaL  1995).  Increased 
autoantfoodies  against  S-IOOB  suggest  traumatic  bram  damage  and 
can  help  to  differennate  between  acute  and  chronic  bram  injury 
(Strolck  etaL  2006;  Stalnacke  etaL  2006.  2004;  Zurek  and  Fedora. 


2011;  Diaz-AirasaaetaL20 14;  Coch  and  Leube.2016).  Their  lack  of  in- 
aease  m  this  study  suggests  against  acne  trauma  lie  bra  in  injury  in  vet¬ 
erans  with  GWt 

Important  mechanistic  dues  from  animal  and  cell  studies  of  these 
GW -relevant  neurotaxi  cans  have  foown  defiats  in  axonal  bans  pat.  as 
well  as  aberrations  in  neurcfUamentsand  microtubules,  which  are  the 
structural  railways  fa  axonal  tranqxm  (Gupta  and  Abou-Doma.  1995a. 
b;  Gearhart  et  aL.  2007;  Grigoryan  and  Lockndge.  2009;  Prendergast  et 
aL  2007.  Jiang  etaL  2010).  Mtochondna  are  also  delivered  by  axonal 
transport  to  provide  the  energy  required  to  power  foe  bmchenxcal  reac- 
nans  necessary  fa  the  fimcbonmg  af  the  axon  and  have  shown  altered 
functioning  in  GW -relev  ant  neurocxrcant  models  (Mddemore-Risher 
etaL  201 1).  CW-telev  ant  chronic  law-level  aganaphosphate  exposure 
has  also  been  assooasd  with  mitochondrial  conipr  omtse  from  oxidative 
stress  induction  and  with  net* (inflammation  resulting  m  cell  damage  or 
cel  I  death  resulting  m  dehns  of  waste  proteins  in  the  extra  cellular  spices 
(Laetz  etaL  2009;  Kaur  etaL  2007;  Banks  and  Lein  2012).  In  factone  hy¬ 
po  theas  of  GWI  suggests  that  nvtochoncfeial  damage  and  ocidative  stress 
in  the  bram  and  the  periphery  have  caused  the  chronic  symptoms  of 
GWI;  notably,  increased  autaam bodies  were  expressly  cited  among  ob¬ 
jective  markers  and  mediators  In  this  model  (Golomb  et  aL  2014; 
Gokxnh  201 2 ;  Kos Ilk  et  aL  201 4). 

Another  hypothesis  of  GWI  suggests  that  the  neurotoxicants  acted 
synergetically  to  create  a  selfperpe  mating  neuro  inflammatory  state, 
which  m  turn  has  an  ongoing  negative  impact  on  brain  cells  including 
neurons  [ microtubules,  rnota  proteins,  mitochondria)  and  glia  (mi¬ 
croglia.  astrocytes,  oligodendrocytes)  and  blood-brain  barrier  function 
{O'Callaghan  and  Sriram. 2005). Clinical  studies  have  also  found  consis¬ 
tent  results  with  GW  veteran  cohorts  who  foowed  impaired  cogntrve 
functioning  and  reduced  volume  and  altered  white  matter  micros  true  - 
rural  integrity  on  MR1  m  OP  pesnade  sarin  nerve  age nt  and  PB  pill  ex¬ 
posed  cohorts  (White  et  aL  2016;  Sullivan  et  aL  2013;  Chao  et  aL 
2010;  Heaton  et  aL  2007;  Procta  et  aL  2006;  Sullivan  et  aL  2003). 
These  pnot  results  suggest  dear  CNS  alterations  in  neurotoxicant- 
exposed  GW  veterans  which  correlated  with  behavioral  outcomes  that 
are  related  to  neurodegene  ration  and  perhaps  with  bah  a  chronic 
neuranflammatory  and  M  taebo  ndiaLOS  hypo  the  as. 

The  only  other  study  that  we  are  aware  of  that  compared  CHS  auto¬ 
antfoodies  in  CW  veterans  compared  MBP  and  striated  and  smooth 
musdeantfoodes  and  reported  higher  MBP  and  miecie  antibodies  in 
veterans  with  GWI  when  compared  with  controls  (Vojdani  and 
Thrasher.  2004).  The  current  airly  validates  the  pnor  MBP  findings 
and  expands  on  those  find ngs  with  a  larger  panel  of  8  addnonal  CNS 
autoantfoody  markers.  Collectively,  these  findings  suggest  that  alter¬ 
ations  in  white  matter  as  evidenced  by  circulating  autoanbbodies  to 
MBP  appear  to  be  associated  with  GWI  This  finding  corresponds  with 
both  leadng  hypotheses  for  GWI  given  that  white  matter  alterations 
can  be  associated  with  oxidative  stress  and  neiraifl animation  as  a  re¬ 
sult  of  glial  am  van  an  and  signaling  of  both  pro  inflammatory  cytokines 
and  oudative  stress  (Milligan  and  Watkins.  2009).  The  addibanal  find¬ 
ing  of  this  study  that  higher  Tau  aitoantfoody  levels  were  significantly 
linearly  correlated  with  higher  MBP  autoantfoody  levels  in  GWI  cases 
suggests  that  axonal  degeneration  may  beoccaimgbefaedemyelin- 
aaon  in  veterans  with  GWI  and  warrants  further  mae  conclusive 
study  to  drsanguish  it  from  the  more  myelin-specific  toxic 
leukaencephalapatiues  (Schmahmann et  aL  2008;  Frlley.  2013). These 
findings  also  correspond  with  MR1  findings  of  differences  on  both 
white  and  gray  matter  brain  volumes  In  neurotoxicant-exposed  GW 
veterans  (Heaton  etaL  2007;  Chao  et  aL  2010.  2011.  2014.  2016). 
These  findings  a  ho  dearly  suggest  that  glia  and  asirocy  *s  in  pamoilar 
should  be  forther  studied  m  GWI  given  significantly  higher  levels  d 
GFAP  intheCWl  cases  that  correspond  with  prior  animal  models  of 
GWI  (Abdel -Rahman  et  aL  2001.  2002a.  2002b.  2004a.  2004b; 
Abou-Doma  et  aL  2000. 2001 . 2002. 2004;  Zakirova  et  aL  201 5;  q)o  et 
aL  2014)  and  with  recent  studies  illustraDng  the  ability  of  astrocytes 
to  donate  mitochondria  to  damaged  neurons  (Hayakawa  et  aL  201 6). 
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4. 1.  Utmtanons  and  fit  rue  <M/ecnons 

This  study,  like  all  studies  has  important  Imitations.  Although  the 
present  pilot  study  can  serve  asa  proof- of -concept  it  has  a  small  sample 
size  and  non- matched  subject  groups  far  age.  gender  and  far  CNS  symp¬ 
toms.  This  is  para  ail  arty  important  as  it  has  also  been  shown  that  CNS 
a  noanUbodies  have  been  reported  to  be  age-  related  m  animal  models 
(Lai  and  Forster.  1988).  In  addition,  the  convenience  comparison 
group  utilized  in  this  study  had  musculoskeletal  symptoms  and  not 
CNS  symptoms  therefor e.ltremains  to  beshown that  these  CNSautoan- 
bbody  markers  can  clearly  distinguish  between  GW1  cases  and  addr 
banal  groups  with  CNS  3>ecifc  symptoms.  However,  the  strong 
resiits  including  9-fald  higher  levels  af  CAMKU.  6-fold  higher  levels  af 
CFAP  and  4-fold  higher  levels  of  tau  and  tubulin  that  were  presented 
Indus  study  warrant  forther  research  far  a  blood-based  objective  mark¬ 
er  of  CW1  m  larger,  we II -characterized  veteran  cohorts.  These  results 
suggest  a  possible  new  aveme  for  further  development  of  an  objective 
btomarherofCWlThe  identrficabon  of  this  small  panel  ofneural-spectf- 
1c  autoantibody  bromarkers  In  CW1  shows  promise  for  further  valida- 
bon  in  larger  study  samples  that  are  more  carefully  matched  for 
subject  demographics  [particularly  age i  different  types  of  conbal 
groups  lie.  healthy  and  CNS  symptomatic  groups)  and  that  classify 
cases  by  both  the  CDC  and  the  more  ^jeciftc  Kansas  GW1  catena 
which  a  Iso  specifies  the  time  period  of  deployment  which  may  be  rele¬ 
vant  to  parbctfar  OP  and  other  deployment-related  exposures  |  Steele. 
2000;  FukudaetaL  1998).  Future  direchans  will  be  to  compare  these 
CNSauoanbbody  mar  leers  with  specific  behavioral  oncomes  including 
cognib  ve  performance  and  brain  imaging  of  gray  and  white  matter  vol¬ 
ume  and  microstructural  integrity  to  further  validate  these  suspected 
brain  immune- behavioral  outcomes. 


5.  Conclusions 

In  con  d  us  ion.  in  this  pilot  study  G\M  wassigruficantfy  associated 
with  2-9  fold  increased  serum  autoanbbodies  against  8  neuronal- 
and  gliaTspecific  proteins  (CaMKII.  CFAP.  Tau.  Tubulin.  MAG.  MBP. 
NFP.  MAP-2)  and  not  with  a  marker  of  more  acute  damage  (S- 
100BI  The  autoanbbodies  that  were  found  here  to  be  elevated  in 
GW1.  targeted  proteins.' antigens  that  play  crib  cal  rales  in  the  struc¬ 
ture  and  function  of  the  neuron  including  axonal  ban  sport  and 
myefinanon.  Many  of  them  are  explicit  markers  for  neurodegene ra- 
tive  disorders,  consistent  with  axonal  and  myelm  degenerabonof 
myelinated  neurons  and  with  astroghoss.  ceil  signaling  and  neuro- 
infUmmabon.  these  same  proteins  have  been  shown  to  be  affected 
in  other  dimcalgroups  and  animal  models  with  similar  arganophos- 
phate  and  carbamate  exposures  (Abou-Donia  et  aL  2013.  2014). 
These  results  validate  prior  reports  af  increased  MBP  autoanbbodies 
in  CW1  cases  and  suggest  that  oligodendrocyte  scaling,  glia  and 
white  matter  alterations  should  conbnue  to  be  further  studied  in 
GW1  and  validated  with  health  symptom  and  behavioral  outcomes 
(Vo) dam  and  Thrasher.  2001).  The  results  also  indicate  that  veterans 
with  GWI  may  be  conbnuing  to  diow  brain  neuronal  degeneration 
and  glial  achvation  that  would  be  consistent  with  recent  reports  of 
chronically  persistent  and  in  some  cases  worsening  health  of  these 
veterans  (Smith  et  aL  2013;  Ozakind  et  aL  2006;  Li  et  aL  201 1 ;  Kang 
et  aL  2009,  Dursa  et  aL  201 6;  White  et  aL  201 6).  these  results  suggest 
a  possfole  avenue  for  further  development  of  a  panel  of  objective  bo- 
markers  of  GWI  upon  further  validation  in  larger  study  samples  that 
are  mare  carefully  matched  for  subject  demographics. 
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Expiration  Date: 


Continuing  Review 
1 0/9/201 7 
10/9/2017 
11/5/2017 
11/5/2018 


Review  Type:  Expedited 


DUHS  IRB  approval  encompasses  the  following  specific  components  of  the  study: 


Protocol,  version/date: 

Summary,  version/date: 

Consent  form  reference  date: 
Investigator  Brochure,  version/date: 


-1/4/2017 

-10/9/2017 
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Pediatric  Risk  Category: 
Other: 


--  45CFR46.404  and  21  CFR  50.51  as  applicable 


The  DUHS  IRB  has  determined  the  specific  components  above  to  be  in  compliance  with  all  applicable  Health 
Insurance  Portability  and  Accountability  Act  ("HIPAA")  regulations. 

This  study  expires  at  12  AM  on  the  Expiration  Date  cited  above.  At  that  time,  all  study  activity  must  cease.  If  you 
wish  to  continue  specific  study  activities  directly  related  to  subject  safety,  you  must  immediately  email  Jody  Power 
at  iodv.power(a)duke.edu  or  call  the  IRB  Office  at  668-51 1 1  and  follow  the  instructions  to  reach  the  IRB  Chair  on 
call.  Continuing  review  submissions  (renewals)  must  be  received  by  the  DUHS  IRB  office  60  to  45  days  prior  to  the 
Expiration  Date. 

No  change  to  the  protocol,  consent  form  or  other  approved  document  may  be  implemented  without  first  obtaining 
IRB  approval  for  the  change.  Any  proposed  change  must  be  submitted  as  an  amendment.  If  necessary  in  a  life- 
threatening  situation,  where  time  does  not  permit  your  prior  consultation  with  the  IRB,  you  may  act  contrary  to  the 
protocol  if  the  action  is  in  the  best  interest  of  the  subject.  You  must  notify  the  IRB  of  your  action  within  five  (5) 
working  days  of  the  event. 

The  Duke  University  Health  System  Institutional  Review  Board  for  Clinical  Investigations  (DUHS  IRB),  is  duly 
constituted,  fulfilling  all  requirements  for  diversity,  and  has  written  procedures  for  initial  and  continuing  review  of 
human  research  protocols.  The  DUHS  IRB  complies  with  all  U.S.  regulatory  requirements  related  to  the  protection 
of  human  research  participants.  Specifically,  the  DUHS  IRB  complies  with  45CFR46,  21CFR50,  21CFR56, 
21CFR312,  21CFR812,  and  45CFR1 64.508-514.  In  addition,  the  DUHS  IRB  complies  with  the  Guidelines  of  the 
International  Conference  on  Harmonization  to  the  extent  required  by  the  U.  S.  Food  and  Drug  Administration. 
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